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ABSTRACT 


This thesis presents the design, fabrication, and opera- 
tion of a deep ocean sediment testing platform which is 
operated by a submersible to depths of 8000 feet. The plat- 
form has a variable ballast system and is transportable along 
the ocean floor by the submersible. 1% has an in-air weight 
of approximately 15,000 pounds and is capable of maintaining 
neutral buoyancy. The platform is capable of taking and 
storing eight individual cores and is equipped with eight 
instrument drives, each capable of inserting a 3 inch diameter 
probe to a depth of 3 feet in any normal ocean sediment for 
in situ measurements. The platform is lowered to the ocean 
moor by cable S is capable of independent surfacing. The 
platform has a 9 foot square base and is approximately 19 
feet high including the main float. In high shear strength 
sediments, the platform is capable of providing 5000 pounds 


of hold down force at a depth of 8000 feet. 
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ene DUCT ION 


Recent changes in the scientific community have directed 
interest to the ocean's bottom rather than the moon's behind. 
This effort has brought about many techniques for determining 
the physical properties of sediments taken from the ocean's 
floor. The use of instruments, such as the vane shear, cone 
penetrometer, and sensors to measure acoustic and other phy- 
sical properties of sediments, have been limited for the most 
part to shallow waters. The deep ocean studies have been 
sparse and in most cases accomplished by making sediment 
property determinations from cores brought to the surface. 
ШИЕ 50 the disturbance of the sediment during coring and 
handling, the resulting measurements are not necessarily 
those that would represent the "in situ" sediment. Since 
use of the ocean floor often requires an exacting knowledge 
of properties, such as dynamic shear strength (now known to 
be complex and frequency dependent), compressive strength, 
ENNM nslty, as they exist in situ, efforts are being made 
to place the instrumentation on the ocean floor, In this 
Way, actual phenomenon, such as acoustic propagation, can 
me Observed with a minimal disturbance to the natural 
En авгоптеп +. 

Since the process of instrumentation of the ocean's 
sediments is E expensive and complex endeavor, it is only 


reasonable that one would desire to maximize the amount of 


1 





data collected. A vehicle for such an operation would be 
required to carry many different instruments and be capable 
of taking any data that may be required. It should also be 
controllable in order to maximize the accuracy and dependa- 
bility of its data. As with any experimental analysis, the 
insight and interaction of the experimenter with the experi- 
ment is essential for success; hence the requirement for a 
submersible. 

The objective of the Submersible Oriented Platform for 
Deep Ocean Sediment Studies (SOPDOSS) is to provide the 
vehicle for in situ measurement of deep ocean sediments. 
The vehicle is capable of carrying several instruments to 
the ocean floor and providing mechanical and electrical 
power for their operation. It will take cores of Sediment 
and store them for retrieval at the surface. The platform 
is controlled from a submersible and can be transported by 
the submersible for short distances along the bottom in 
Order to take data at multiple sites. The platform has a 
шишарте ра! аз 1 пр capability to provide neutral buoyancy 
maneuverability, lowering weight, and surfacing Buoyancy. 
It is versatile and can be oriented to nearly any desired 
Bean study. 

SOPDOSS will provide the link to deep ocean sediment 
testing necessary to generate accurate and dependable 


Entformation on the world's ocean sediments. 
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II. GENERAL BACKGROUND 


A literature search revealed two noteworthy platforms, 
currently in use, capable of testing in situ sediments. 
These are the Deep Ocean Sediment Probe (DOSP), developed 
by the Naval Underwater Sound Lab [1]*, and the Deep Ocean 
Test-in-Place and Observation System (DOTIPOS) developed by 
the Naval Civil Engineering Lab [2]. Both of these devices 
controlled from the surface and are limited in their 
use by the types of instrumentation they are capable of 
carrying. 

In 1968 Westinghouse Corporation completed a feasibility 
study of a sediment pod (SEDOPOD) for use with a submersi- 
ble [3]. The objective of the study was to provide the Naval 
Oceanographic Office, Deep Vehicle Branch, with information 
mOcut the feasibility of constructing a platform capable of 
testing deep ocean sediments. A study of this report makes 


 Шпгегессіпр contrast with the SOPDOSS. 


meee DEEP OCEAN SEDIMENT PROBE (DOSP) 

DOSP is designed to be operated by either a submersible 
MN SU ace vessel to a depth of 5,000 ft, To date, the 
only published use is with a surface vessel. The platform 


is approximately ! 1/2 ft square at the base, approximately 


x 
Bracketed numbers refer to the List of References. 
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Em chish, weighs 350 lb in water and 550 1b in air. Four 
retractable instrument probes are located at the corners 

of the base and a simele come tube is located at the center. 
The probes and core are lowered into the sediment by screw 
drives operated by small de motors through chain drives. 
Power is provided by the associated vessel. 

The hold down system of the platform is a circular plate 
in the center of the frame. The plate rests on the sediment 
and has the suction of a small vane pump applied at its 
center. During operation, the pump provides a pressure 
differential across the plate and thus a force to resist the 
loads of probe insertion and coring. This is a significant 
development in deep ocean platforms and is directly 
incorporated in SOPDOSS. 

The probes on DOSP consist of a spark source and three 
hydrophones for the measurement of the compression wave 
speed. The instrumentation of the platform is not necessar- 
ily limited to the measurement of the compression wave speed, 
Since other instruments could be adapted to the probe assem- 
blies. This could be expensive and the total number of 
Grives available could not be increased without major design 
changes in the platform. The single core system requires 
that the platform be raised to the surface after each sampling. 
Ehe platform is used in deep water, this could mean as 


much as three hours for a single operation [1]. 
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The platform is useful for shallow water measurements 
when only a small amount of data is required over a large 


area of ocean bottom. 


B. DEEP OCEAN TEST-IN-PLACE AND OBSERVATION SYSTEM (DOTIPOS) 
This platform is designed to be operated solely by a 
Surface vessel. The platform is pyramidal, 17 1/2 ft high, 
with a square base, 18 ft wide. The platform weighs 2,000 
ШЕ in water and 6,200 1b in air. The basic platform has 
installed television cameras and lights, an electronic 
Pressure sphere, and a transformer box. Тре System is de- 
signed to be operated by telemetry and powered by 120 Vac 
power from the surface. This requires extensive electronics 
both on the platform and surface vessel. The instrumentation 
of the platform is separate and not included in the previously 
stated weights. A massive combination vane shear and cone 
penetrometer device and a single tube coring device have 
been fitted to the platform. Successful tests have been 
performed to 5,600 ft. As with DOSP, if individual cores 
meemocesired, the platform must be raised to the surface for 
each operation. Other instrumentation could be adapted to 
the platform if a compatible instrument insertion device 
were constructed. The platform has ample space for such 
additions. The hold down force is provided by negative 
buoyancy alone. The main frame is а from 6 in. 


diameter pipe of 6061-T6 aluminum [2]. 
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ime complex electronics and excessive weight of the plat- 
ШЕНІ in addition to the limited scope of instrumentation, 
make this platform not suitable for use in extensive testing 


of deep ocean sediments. 


EREEEPEASIBILITY STUDY OF SEDOPOD 

The object of the study was a triangular platform approx- 
imately 5 ft on a side and 9 ft high. The platform consists 
of a frame of titanium, a pressure vessel of titanium, and 
instrumentation for sea water properties and sediment shear 
strength by vane shear. The platform weighs 446 1b in air 
aña 12 1b in water, less all instrumentation. The design 
Bench of this platform is 14,000 ft. Discussion of the 
design criteria and alternatives is extensive and was 
incorporated into the basic philosophy developing the SOPDOSS. 

The study discusses three basic hold down devices; the 
Spade, Screw, and vibratory anchors. The spade anchor con- 
сз ОГ ап anchor fluke-like structure that would be forced 
into the sediment. The screw anchor is a simple auger which 
mould be rotated into the sediment. The vibratory anchor 
consists of a pointed cylinder which is driven into the sedi- 
n the action being Similar to driving a piling. The 
Study indicates that a vibratory motor would have to be de- 
veloped for the latter. The concurrent development of DOSP 
perhaps provides the reason that the differential pressure 


plate was not considered as a hold down device. 
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The platform is designed to BemescOreca to the ocean floor 
by a submersible and, after operations, escorted back to the 
surface. While the platform is in operation, the submersible 
КО stand off and control the instruments and make measure- 
ments through an umbilical cable. This allows for maneuvera- 
bility of the submersible for observation of the tests and 
reduces the interference of a vehicle in close proximity. 

The de power for the platform is provided by the submersible. 

The platform is designed to be nearly neutrally buoyant, 
Мишо осе there is no variable buoyancy, the variability ог 
addition of instrumentation is severely limited. Any varia- 
tion of buoyancy would have to be compensated for by the 
Submersible. To provide a coring capability would require 
a complete redesign of the platform. The estimated cost of 
We platform, including sensors, Ís $500,000.00 ӘДЕ 

Although the design incorporates many of the basic re- 
quirements of a deep ocean euren testing platform, its 
Піпі сеа instrumentation, lack of a coring capability, and 
excessive cost will prohibit its use. Aluminum costs approx- 
imately 1/10 that of titanium and could easily have been 


used in the fabrication of the frame. 


D. SUBMERSIBLES CURRENTLY AVAILABLE 

Table A lists various submersibles capable of handling 
a platform for deep ocean sediment testing. The only sub- 
mersible capable of handling a platform below 8,000 ft is 


ТЕТЕ II. The availability of submersibles for operation 
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js an important aspect of the design of the platform since 
the ultimate goal is the extended mapping of broad areas of 
the ocean floor. It would be inconsistent to demand the 


sole use of a single submersible for the entire study. 


Table A 


Available Submersibles [4] 


Max. Oper. 
Name Owner Displacement, 1b ВЕРЬ, ue 
ALUMINANT Reynold Sub 146,000 8,000 
Services, 
Miami 
ALVIN Woods Hole 322.000 6,000 
Ocean, Inst. 
DEEP QUEST Lockheed Corp. 110,000 8,000 
SEA CLIFF US Navy 48,000 6,500 
SubDevGr 1 
ЫШ ГЕ ІІ US Navy 2002000 202.000 
SubDevGr 1 
IBUETTLE US Navy 48,000 0,500 
Боре а 


The support ships for these submersibles vary considerably. 
The vessels supporting ALVIN, SEA CLIFF, and TURTLE have 
cranes which lift the submersible to the deck after operations 
and are certainly capable of handling a platform. The 
ШЕШЕ О, which supports SEA CLIFF and TURTLE, has a 50 ton 
crane and a 10 ton auxiliary boom. The ALUMINANT and TRIESTE 
micros Generally towed to the operational site and the actual 
vessel in support can be varied to meet the demands of the 


Operation. DEEP QUEST has a unique catamaran hulled Support 
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vessel which is capable of transporting the submersible in 
the bay between the hulls. The auxiliary equipment of the 
vessel is not known, but it should be capable of handling 


n latform. 





ЕТОМ PROBLEM 


The platform designed will transport sediment and deep 
ocean instrumentation to the ocean floor and provide elec- 
trical and mechanical power and mobility, with the assistance 
of a Submersible, necessary to complete required testing at 
various sites on the ocean floor to a depth of 8,000 ft. 

The instrument drive mechanisms will provide mechanical 
power for instruments which require insertion into the sedi- 
ment or any form of vertical movement, such as placement of 
geophone arrays. The drives will be powered by dc motors 
Prom Onboard batteries and controlled from the submersible. 
The drives will be easily located at many locations on the 
Outside of the square main frame and will be easily reposi- 
tioned to meet varying requirements. 

The platform will be capable of taking and storing eight 
cores, The cores will be taken from as near the center of 
the platform as possible in order to make a given core as 
representative as possible of the testing accomplished at 
шае platform sides. 

The platform will be capable of maintaining buoyancy of 
+ 400 1b while submerged. The buoyancy will be controllable 
from the submersible. By making the platform neutrally 
buoyant, the submersible will be able to maneuver the 


ршасгогш from site to site. 
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All operations, both mechanical and electrical, will be 
controlled from the submersible through an umbiiical cable. 
The cable will be connected upon mating of the submersible 
and platform on the ocean floor. The cable will be detached 
prior to the independent surfacing of each vehicle. 

Two soft (internal pressure equals sea pressure) boxes 
бегде Гог battery stowage and electric controls. Space 
will be provided for a hard sphere housing for components 
not capable of withstanding sea pressure. Basically all 
electrical components will be housed in soft boxes to 
ШЫ лае the costly production of hard vessels. 

The platform can be disassembled into reasonable pieces 
for transportation on land and subsequently reassembled with 
hand tools. 

Since sea water is a hostile environment and subjects 
IE US to serious corrosion, there are no two dissimilar 
metals which are in contact and subject to sea water simul- 
taneously. With adequate washing of the platform after 
Men Operation, any appreciable corrosion should be 
eliminated. 

The Босс пет Т уцпр criterion is to provide a design 
u that it can be fabricated in an average machine shop 
виа Minimum of mill work, at reasonable costs in both 


material and labor. 
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шаша CERTS AND SELECTION 


SOPDOSS is divided into ten fabrication groups which 
are the main frame, instrument drives, coring device, ballast 
шаси посог boxes and drive systems, battery box, control 
End platform circuits, air system, hold down system, 
and flotation and main float. Each group is discussed in 
detail in this section. The basic components are labeled 
on Plates 1 and 2. A study of these plates will provide 
@emoinuity for the following discussions. 

The actual calculations and design methods are contained 


in detail in Appendix A. 


А. MAIN FRAME 

The main frame (Fig. II) is the sole supporting device 
шоа] ог the platform's components such as the instrument 
wave, coring device, hold down plates, etc. The overall 
dimensions of the frame depend directly on the size of the 
components and their loads. After consideration of compon- 
m а базе dimension of 9 ft square was chosen. This 
provides adequate space for all components and allows some 
ER Or additions. Since the instrument drives are located 
on the outside of the main frame, the frame should be large 
ІЗЕИРП to provide for any linear test arrays, such as com- 
Pression wave speed testing. The usual distance between 
the transducer and the two hydrophones is 1 meter. A 9 ft 


Side provides adequate room. 
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шые most Significant loading ef the main frame is due to 
s On caused by eccentric loading during instrument inser- 
tion or withdrawal. The instrument drive is fixed to the 
main frame and any axial rotation of the frame member to which 
the instrument is attached will be represented as a trans- 
ой of the instrument tip. In addition to causing adverse 
loading of the instrument, it can severely disturb the sedi- 
ment being tested and cause erroneous data to be taken. An 
8 in. diameter pipe, 1/4 in. wall thickness, of 6061-T6 
aluminum, combines proper resistance to torque with adequate 
bending strength. Aluminum, 6061-T6, was chosen due to its 
high strength, low density, availability in structural shapes, 
and reasonable cost. With proper maintenance, 6061-T6 
Вл Пит will provide good resistance to pitting. A lons 
rectangular (cross-section 1-1/2 in. x 1 in.) bar is welded 
to the top and bottom of each pipe in the lower frame to 
facilitate fixing of the components to the frame and to 
add to the bending strength of the members (Fig. II-3-1). 

The upright members are also of 8 in. aluminum pipe. 
Шнезе зиррогБ the platform during lifting and provide struc- 
tural stability for the coring device and ballast tank. Pipe 
mes cnosen in order to minimize the variation in structural 
components and to maximize the flotation volume available 
(Fig. II-1-2, II-2). 

The main frame is sectioned by bolted flange plates 
Це ПІ 1-1) in order to facilitate disassembly and trans- 
ис on Of the platform. K-Monel bolts are used because 


BE Пірі Strength and corrosion resistance. 
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votas in the pipes are filled with syntactic foam, 
a flotation material of small hollow glass spheres in an ` 
epoxy matrix. Since the pipe would have to be flooded to 
prevent collapse, it is consistent with the goal of neutral 
buoyancy that every available place should be used for flo- 
tation. The main frame, without any components, would weigh 


1,939 1b in air and -182 lb in sea water. 


B. INSTRUMENT DRIVE 

The primary mE of the instrument drive is to pro- 
vide the mechanical power necessary to insert instruments 
о спе sediment and, upon completion of testing, withdraw 
ШЕШ, The motion required is linear, acting on a line 
perpendicular to the surface of the sediment. 

Three basic mechanisms were considered. They were 
Ма 1с piston, rack and pinion, and the power screw. 
The hydraulic piston would require a complete hydraulic sys- 
tem and associated controls. A hydraulic piston would be 
advantageous for the use of a cone penetrometer since the 
hydraulic pressure could be measured to provide the cone 
loading profile. There would be no advantage in the use 
of this system for any other instrumentation. The cost and 
complexity of the associated auxiliary equipment and controls 
makes the hydraulic piston impractical. The horizontal 
dimensions of the hydraulic piston would be compatible with 
Nes ten: but, in order to provide for a 5 ft stroke, the 
eevee would have to be at least 10 ft high and would 


extend 3 to 4 ft above the platform. 
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The rack and pinion has dimensional problems similar to 
the hydraulic piston. Due to the torque and speed require- 
ments for the system it is impractical to have the pinion 
translate on a stationary rack. A translating rack would 
require close tolerance linear bearings in order to maintain 
proper mesh. Since the sea water near the ocean floor con- 
tains considerable debris (sediment, shells, micro organisms 
living near or on the bottom) it would be undesirable to 
Peaquire close tolerances. Іп order that the rack would not 
Meee, tO penetrate the sediment, the drive point would have 
to be located approximately 6 ft above the sediment, near 
the top of the main frame. This problem would not be insur- 
mountable, but would "e considerable ШІ: framing. 
The ice was rejected in favor of the power screw. 

A threaded block on a power screw provides the required 
translatory motion within a minimum volume and can be used 
for any instrumentation (Fig. I). An American Standard 
I-beam, 816.348 is the main structural member of the device 
(Fig. 1-5), 

The beam has an 8 in. depth and a 4 in. flange width 
and is of 6061-T6 aluminum. An American Standard beam was 
enosen because there is no Aluminum Association Standard 
(AAS) I beam with an 8 in. depth and a 4 in. width. Ап 
AAS I beam would be desirable due to: the lae ends son the 
flanges, but such a beam would have to be specially ordered 
and the amount required for this platform would not warrant 


the expense. Two bearing plates (Fig. I-1, I-5-1) are fixed 
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to the ends of the beam to support the screw. The upper 
plate is bolted on to allow for disassembly of the device. 

A square threaded serew shaft of 1020 steel (Fig. I-2) is 
positioned parallel to the major axis of the beam and 15 
Eported at both ends by an open race, ball, thrust bearing 
and a sleeve bearing of Delrin AF. Delrin was chosen as 
bearing material because it incorporates a bearing surface 
with an insulator between the steel shaft and the aluminum 
bearing plate (Fig. I-1-1). The block for mounting instru- 
ments (Fig. 1-3) is of 6061-T6 aluminum with an insulated, 
threaded steel core. The block overlaps the beam to restrict 
its motion to translation and has a maximum travel of 4 ft. 
The top of the screw shaft extends above the upper bearing 
plate and is turned to accept a roller chain sprocket for 
power transmission. | 

Due to the fact that debris will be present in the opera- 
tional environment, the minimum thread clearance is required 
го Бе 0.020 in. There are no standard dies which will cut 
 пгеай оў chis tolerance. The screws and instrument mount 
Block cores will have to be turned, This is justified if 
MeempOssibility of the binding of close tolerance threads 
is considered. 

In order to design the device a determination of the 
Suspected loading during insertion and withdrawal is required. 
mars depends on the depth of insertion, diameter of the 
Probe, and the cohesive properties of the sediment. The 


following is an empirical equation for tne extraction load 
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Гог а straight cylindrical rod [3]: 


Е 2 а 


ишеге; 


Hj 
І 


force (1b) 
A = submerged area (in) 


VS = vane shear strength of sediment (1b/in^) 


The average depth of penetration of the test instruments 
is 3 ft and they are not normally greater than 3 in. in 
diameter. The maximum vane shear strength is expected to 
EN SP 5 DSi. These values yield a calculated withdrawal 
force of 519.5 1b. A review of 3 in. diameter cone pene- 
trometer data supports the use of this as a design limit. 
With a safety factor of approximately 3, the design inser- 
tion and withdrawal load is 1,500 lb. The load will be 
wni dered as acting parallel to the axis of the screw and 
offset by 7 in. This allows for 2 in. between the face of 
the instrument mount block and the center line of the probe. 

This design criteria will permit the insertion and with- 
aval оғ а 3 in. diameter probe to a depth of H ft іп 
nearly all known ocean sediments. The protection against 
севе damage from striking an impenetrable object, Such as 
Воск Or large clam, will be discussed in the section on 


motor boxes. 





meen drave frame is fixed to the main frame by being 
fabricated to fit around the pipe and clamped to the upper 
and lower rectangular bars (Fig. I). 

Exntaetiec foam is molded into the voids of the drive 
EET т-ьеат forming a rectangular cross-section. The 
instrument drive, less motor box and chain drive, weighs 
шаб in air and 105 ЗЬ in water. 

It is recommended that eight le te instrument drives 
be delivered, as the basic complement of the platform. Ап 
 ігіопаі drive is to be provided for coring. 

Provisions for insertion depths greater than 3 ft can be 


found in the section on alterations. 


ИЕ СОКТІХУС DEVICE 

The mission of the coring device is to take and store 
cylindrical cores of the sediments for examination and 
classification on board the support vessel. 

There are two basic corers presently used for ocean 
Begiments. They are the gravity corer and the piston corer. 
The gravity corer consists of a long hollow tube-like barrel 
шара а weight on one end, The corer is dropped, on a cable, 
from a surface ship and upon impact the barrel is driven 
во све Sediment. The corer is then lifted to the surface 
by the cable and the sediment sample is pushed from the 
barrel. The impact of the barrel with the sediment destroys 
Цера С: Еасаблоп о the upper portion of the sediment and 
the entire core is disturbed along the barrel-sediment 


interface. 
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I r or FO alleviate this problem, the piston corer 
ее тореа. This corer is similar to the gravity corer 
execpt that a piston is placed inside the barrel. Upon 
impact the piston ís held Е a given short distance above 
the sediment as the core barrel passes on into the sediment. 
The piston produces a low pressure area within the core tube 
which tends to reduce the compaction and disturbance of the 
ЕЕЕ 5оғасттісасісп о: the sediment. Piston cores have 
=n used successfully for cores over 50 ft in length. In 
ШЕ Ппесірп the piston—-type coring concept is incorporated 
Шо each of the core barrels. 

The core barrels are made from 3 x 1/4 in. steel pipe 
which is tapered on one end to provide a cutting edge. The 
pipe is split iengthwise and removable pin piano hinges are 
welded to the pipe where it has been split in order to pro- 
vide a facility for removing the core with a minimum of dis- 
turbance (Fig. II-3-1). A piston is placed in each core 
barrel and is held approximately 1 ft above the sediment 
Ma cable attached to the top of the core cylinder (Fig. 
III-3-5, III-6-2). 

Since the core barrel can be considered as a probe of 
the same dimensions used to design insertion and withdrawal, 
an instrument drive is suitable for providing the mechanical 
power required to take a core. The main frame is designed 
iemaeccommodate an instrument drive in position for coring. 

A connector plate is required to link the instrument drive 


and the core barrel (Fig. 111-4). 
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ШЕШ ОГОО ЛК ОГОО Л ШӨ fOr a multiple coring capability the 
device must be capable of linking an empty core barrel to 
i instrument drive and store filled core barrels for 
retrieval at the surface. Samuel Colt's invention finds 
application here. The simplest device is a rotating cylinder 
Eurying core barrels.to and from the instrument drive link 
by incremental rotation (Fig. III-1, IV-2-8). The core 
barrels are contained in tubular guides which are slotted 
to allow for movement of the lifting bearing block (Fig. 
III-1-3, III-3-2). The lifting bearing supports the core 
during stowage and provides the link which transmits the 
force during coring. During stowage, the lifting bearing 
rides on the core carrier ring which is welded to the main 
frame.(Fig. 111-5-1, III-6-1). When a core barrel is in 
МЕ їой for coring, the lifting bearing fits into a slot 
in the instrument drive-core connector (Fig. III-6-2). 

During coring the core barrel is moved downward within the 
core guide and is centered prior to insertion by the combined 
шоп Of the instrument drive-core connector and the lower 
core guide (Fig. III-2-6, III-4-1). 

The core cylinder is supported at the top by the main 
frame and at the bottom by the ballast tank and core cylin- 
der support frame. The support frame clamps to the lower 
main frame, to provide for ease of. assembly and transportation. 
The bearing surfaces are of Delrin AF. 

The void areas in the core cylinder are filled with cast 


syntactic foam to provide additional buoyancy. The air 
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macht of the core cylinder, eleht cores, support frame, and 
empty ballast tank is 1,900 1b. Tne weight in water with 
the ballast tank flooded is -230 lb. 

Imzorder to insulate the steel core barrel from the 
6061-T6 aluminum core guide, a thick coat of silicon grease 
Should be applied to the outside of the barrel and lifting 
bearing assembly, prior to loading into the core cylinder. 
The bolts are insulated from the frame clamp by Delrin washers 
and plastic electrical tape. The electrical tape is to Бе 
wrapped around the bolt shank to a diameter of 0.60 in. 

The frame clamp requires 20, 1/2-20 UNF bolts with 1 1/2 in. 


shank. The bolts are of K-Monel. 


D. BALLAST TANK 

The ballast tank is integrated into the design of the 
coring cylinder. The tank consists of a 6061-T6 aluminum cy- 
Jinder 24 in. in diameter, 1/2 in. thick, and 82 in. long 
with a 1/2 in. plate closure at the top. The tank is sup- 
Fun q by a circular plate which is welded to the cylinder, 
Em. above the bottom of the tank, and to the frame clamps 
E^. III-2). 

Арлом апа vent connection manifold is welded into the 
Бор plate. Air will be supplied to the tank, during blowing, 
at 15 psi above the ambient pressure. The bottom of the 
tank is open to allow for free movement of water into and 


eit Of the tank. 
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The portion of the tank near the support plate provides 
an axial bearing surface for the core cylinder. The upper 
portion of the tank is free, allowing for expansion during 
blowing. 

The ballast tank provides + 415 lb buoyancy at a depth 
ПИО 000 ft and, + 550 lb near the surface. The variation 
is due to the weight of the air in the tank. It should be 
noted here that the maximum amount of usable air that can be 
carried to 8,000 ft is approximately 400 lb. This arises 
due to the maximum available negative buoyancy in the ballast 
tank. If 400 1b, by weight, of air is used at 8,000 ft the 
platform will become neutrally buoyant with the ballast tank 
шшоойе9. The air flask volumes required, based on this, are 
52.5 ft?, 17.34 ft?, and 11.99 ft3 for 5,000 psia, 8,000 
EN cand 10,000 psia service pressure respectively. 

The 400 1b air loss requirement restricts the usable 
 Шіпе of air at 3,520 psig to 38,150 a IE ONE 
the amount required to blow the ballast tank dry at 8,000 
ШИ his is restrictive within the context of the platform's 
дез1гед operations, but with prudent operation it will pro- 
vide adequate amounts of buoyancy variation. If the volume 
wn available is restricted to the values given and the 
Pressure at launch is as required, the system has a fail 
safe nature in that as the flask approaches sea pressure at 
8,000 ft, the platform approaches neutral buoyancy with the 
вас tank flooded. The platform would be retrievable by 


Egubmersible even if the usable air in the flasks was 
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depleted (i.e. flask pressure equals sea pressure). Аз 
Hu-eplatform is moved from the ocean floor, any air in the 
past tank, Service piping, and reservoir flask will 
expand and add to the buoyancy of the platform. After a 
арс distance, the platform should be able to continue on 
ios OWN. 

A low initial flask pressure will cause the platform to 
be negatively buoyant at flask depletion. This would cause 
serious problems and should be avoided. The following 
equations should be used to determine the required flask 
pressure from the pressure at operating depth and the 
reserve buoyancy: 


Р (В/5и) 


P, = ——— + P. 


where: 


Pe = pressure (psia) of air flask at 0°C - must 
be corrected to atmospheric temperature 


У = volume of air flask ЕХ 
Е - sea pressure at operating depth (psia) 
B = actual, initial, negative buoyancy from 


compensation (1b) 
SW = specific weight of air at operating depth 

(1b/in.3) given by: 

SW = 3.1745 x 107° (P_/c) + 4.671 x 107? 


from modified perfect gas law assuming 
isothermal expansion, "c" is 
compressibility factor 
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Ihe volume of air expended prior to flask depletion is 


given by V, = B/SW. 


d 
Since the resulting pressure in the flask depends on the 
reserve buoyancy which in turn depends on the pressure in 
the flask, the process must be iterative. This procedure 
бише be performed to determine the required flask pressure 
prior to any operation at any depth. The iteration consists 
of selecting a reasonable reserve negative buoyancy and cal- 
culating a required flask pressure. This pressure, in turn, 
is used to determine the reserve negative buoyancy by use 
of the compensation program. An agreement of + 10 1b in the 
reserve buoyance is sufficient. 


Further discussion of the air system is provided in 


Seevion IV-H. 


MOTOR BOXES AND DRIVE SYSTEMS 

The motor boxes are oil filled, pressure compensated 
mousings for the electric motors and gear reductions. The 
Saves are prime movers for the instrument drives, rotation 
Meee core Cylinder, and the pumps for hold down suction. 
The boxes are constructed of welded 1/4 in. 6061-T6 aluminum 
plate with a removable cover to allow access to the internal 
memponents. The framing required to support the motor and 
various shaft bearings is integrated into the fabrication of 
the boxes by welding 1/4 in. plates of 6061-T6 aluminum to 
шшентпветтог. Small extensions of pipe are welded to the 
Housing to allow for the fitting of the electrical conductor 


tubing and the pressure compensation diaphragm. 
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The large voids, primarily around the motor, are filled 
with molded syntactic foam blocks and the remainder of the 
Оз are oil filled. The oil to be used is normal low 
ЕО туе lubrication oil of SAE 10 weight. Oils of this 
memes have a bulk modulus of elasticity of approximately 
EET x 10? psi. This results in a volume change of 1.3% at 
8,000 ft. The volume of oil used must be о in order 
Мт С the size of the compensation diaphragm. 

The specified fasteners for the cover are of molded 
nylon. This eliminates the need for insulating steel bolts 
and will provide adequate strength to seal the cover. А 
Silicone sealant should be placed on the bolt flanges to 
шае све box prior to filling with oil. 

The motors chosen for the drives are 24 Vde with perman- 
ent magnet fields. These newly developed motors provide 
extremely high torque at very low current. The weight is 
approximately a third of a comparable wound field de motor, 
and the displaced volume is approximately one quarter. In 
Eu rl de motors, submerged in oil at sea pressure, have 
been extensively used in deep ocean work. The only drawback 
ШІП che reduced brush life. This is not expected to be 
& problem due to the short operation time between service 
fas labilities. 

The pressure compensation devices are rolling diaphragm 
air cylinders which can be adapted by removing the internal 
Пт sprang. This provides for movement of the piston 


with zero pressure differential across the diaphragm. The 
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ша Ју pressurized side of the diaphragm is oil filled 
and sea water is allowed to enter the cylinder vent. The 
shaft, extending a few inches from oneend of the cylinder, is 
totally unloaded and can be used to visually determine the 
amount of volume change in the oil during operation of the 
i L form. 

Instrument Drive Motor Box 

This drive system is powered by a 3/4 HP, 1140 RPM, 
 ШШПОПОГ. A single stage gear reduction, internal to the 
Meee Produces an output speed of 190 RPM at full load. The 
screw shaft of the instrument drive is powered throush a 
chain drive providing a further reduction in speed to 119.5 
RPM at full load. It is recommended that a torque limiter 
replace the small sprocket. This will provide insurance 
against over driving an instrument during insertion. А 
torque limiter setting of 244 in-lb will provide an insertion- 
withdrawal force of 1,500 1b (Appendix A, Sect. A). The 
recommended setting is 220 in-lb. The torque limiter must 
be set while submerged in sea water (Fig. IV-1). 

The recommended pressure compensation device is 
Bellofram Corp. #S-U-F-BP-CFM less return spring. The device 
can be mounted anywhere on the instrument drive and connected 
m beunotopr box by 2 in. ID extruded vinyl tubing. This 
3 


device is capable of compensating for 7.2 in~ of volume 


change. 
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ши Core Cylinder Motor Box 

Inis drive system is powered by a 1/12 HP, 2500 RPM, 
КОШО Ог. A four stage gear reduction, internal to the box, 
produces an output speed of 1.93 RPM. The core cylinder is 
L Led through a chain drive providing an additional reduc- 
шша ratio of 0:1. A single rotation of the output shaft 
of the’ motor box properly aligns a new core tube with the 
шаве insertion drive. A torque limiter ТЕ provided on the 
ШИЕ реаг of the fourth stage of the reduction. А torque 
lamiter setting of 900 in-lb will provide protection against 
gear damage in the event of cylinder lock-up. This limiter 
must be set while submerged in oil. The limiter can be set 
ENow as 300 in-lb without impairing the operation of the 
ve (Fig. IV-2, Appendix A, Sect. C). 

The recommended pressure compensation device is 
Bellofram Corp. #S-16-F-BP-CFM, less return spring. The 
device can be mounted anywhere near the core drive and 
connected by 2 in. ID extruded vinyl tubing. The device is 


3 


capable of compensating for a 67.2 in” volume change. 
Motor Box for Hola Down Pump 
шы аа ica tion ol this motor box has not been ex- 
plicitly defined herein and is left to the imagination of 
construction facility. A de motor is to be used to 
drive a reversible vane pump to provide hold down suction 
Bart off pressure to the hold down plates. The pump 


Peoula have an inlet diameter not less than 3/4 іп. апа 


be capable of sustaining a zero flow head of at least 15 psi. 
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шыць Will require approximately 1/8 HP. The motor is to be 
enclosed in an oil filled, pressure compensated housing. А 
short section of 6 in. ID, 6061-T6 aluminum pipe with end 
plates would suffice. A lip type press fit shaft seal, 
рашат to that in Fig. IV-1-3, should be used. The motor 
box and pump are to be fixed to a 6061-T6 Lonnie plate wich 
appropriate mounting devices to allow for easy placement on 
the main frame. Figure A shows a sketch of the pump system. 
The recommenced pressure compensation device is 


Bellofram Corp. #S-4-F-BP-CFM, less return spring. 


fee BATTERY BOX 

MNucabotrery box is an oil filled, pressure compensated 
Bontainer for the platform's batteries. The basic box is 
constructed of 1/4 in. 6061-T6 aluminum plate closely con- 
forming to the dimensions of the battery pack in order to 
reduce the volume of oil required. The 16 gauge, 6061-T6 
aluminum cover is domed to allow for the collection of gases 
during charging and discharge. The attachment of the cover 
is similar to that of the motor boxes. A pressure relief 
valve is located at the top of the domed cover to allow for 
release of gases while submerged and on board the support 
Ship. The recommended relief valve is Circle Seal Products 
по. D532A-1M-4 set at a cracking pressure of 2.5 psig. The 
static pressure head in air at SUM cn of the relief valve 
is approximately 1.2 psig. It is recommended that the pres- 


Sure compensation device be attached to the end of the box 
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Euch that its highest oil filled point is above the top of 
the cover. The recommended pressure compensation device is 
Bellofram Corp. #S-36-F-BP-CFM, less return spring. This 


device will compensate for 216 in? 


of volume change. 
A connection in the end opposite the pressure compensa- 
tion device is provided for the power cable tubing. The 
те пе location is on the side of the box. The recommended 
Ewuectopr to be mounted in the box is Electro Oceanics, Inc. 
no. 53-H-2-F-1. The mating connector for the charging cable 
is no. 53-H-2-M-1. 
mesure B is а sketch 6f the battery box, 
e Batteries 
The recommended battery is the Sears Roebuck апа Со. 
шшага, sold under the brand name of "Diehard". The battery 
provides 12 Vde and is rated at 4250 amp-min for a 25 amp 
discharge rate. This rating is used in determining the plat- 
form requirements since the expected average current require- 
ment will be approximately 25 amp. 
Eight batteries are connected in a series-parailel 
arrangement as shown in Fig. C. This provides a 24 Vde 
ЩЕ vice rated at 17,000 amp-min. The platform, less instru- 
MemoaviOn, is expected to require a total of 7,792 amp-min 
Eucomplete eight operations on the ocean floor. This 
leaves 9,208 amp-min to provide instrumentation power. 
An operation is defined as the sum of the insertion 
and withdrawal process, performed at full design load, of 


Во пале Instrument drives, the positioning of a new 
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core tube by the core cylinder drive, and the operation of 
шша тон” hold down pumps for a total of 18 min. Each instru- 
ment drive requires 2 min for the insertion and withdrawal 
process and the core cylinder drive requires 1/2 min to 
tion a new core tube. 

Pressure compensation of each cell is accomplished 
wnc ting each cell opening with an inverted plastic bottle 
(approx. 50 ml size). A large hole is cut in the bottom of 
ШОО Сте to allow the free communication of oil and cell 
gases. The cell is filled with electrolyte such that the 
electrolyte-oil interface 1S approximately at the half way 
ЕШ Or the bottle. Figure D is a cross section of the 


compensated cell. 


а. CONTROL BOX AND PLATFORM CIRCUITS 

Mie" control box is an oil filled, pressure compensated 
memtrainer for the electrical controls of the platform and 
imeecrumentation. The design of the box is similar to the 
battery box, except that the cover is of flat 1/4 in. 6061-T6 
aluminum plate. The recommended internal dimensions are 12 
in. wide, 8 in. deep, and 36 in. long. The minimum cable 
moe connections required are 1 for power, 11 for motors, 
5 for umbilical cables, and 4 for instrumentation. These 
can be conveniently located anywhere on the sides and ends 
ШО е Бох. During fabrication it would be prudent to provide 
Meme than this minimum to facilitate different connection 
Sentigurations without alteration ЕШТЕ ОХ. ny Unused 


cOnnectors can be easily capped. 
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Nation tenou ld be used in the control box since 
its presence may interfere with the operation of internal 
Pomeonents such as relays. 

The cover is to be fastened to the box by molded nylon 
Memes, Five pressure compensation devices, Bellofram Corp. 
#S-36-F-BP-CFM, are mounted on the cover, providing compensa- 
EOD for 1,080 in . These devices EN. the devices on the 
motor boxes and battery box provide for approximately OUT 
times the expected volume change. This will allow for air 
bubbles in the system and the addition of instrumentation 
without the addition of pressure compensation devices. Since 
tubing is used to connect all electrical devices with the 
Control box, volume changes in other components can be com- 
шрасеа for at the control box. 

ша Platform Circuits 

econ” robe merculilts Ot all electrical devices on 
MENO latform consist, in general, of power relays opened 
or closed by pulses from the operation console in the sub- 
mersible, The following is a description of the various 
ВУ circuits required and their operation. 

fee с are divided Into two basic, electrically 
гасе areas. The control circuits consist of linking 
he Operation console in the submersible to the power relay 
ЖИЕМЕП the umbilical cable, and general control of the power 
melay by limit switches. The circuits are rated at 2 amp. 


All limit switches open when the device is at its limit. 
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The second area is the power circuits. These are 
the simple switching of power to the motors, through relays. 
These circuits are rated at 15, 25, and 50 amp, depending 
meen the motor. 

The platform requires no power unless an Operation 
is being performed. All control and power circuits are 
шетају ореп. 

по Бора сол то! 

Wa Но ше Б. (15 used Lo stop any and 
all Operations. A normally closed relay iS momentarily 
opened by a pulse from the operation console. The control 
circuit of all power relays is opened allowing any relay 
edler control power to open. 

Б боге Drive Control 

ШОО Сени арт ШЕ E. consists of a three con- 
mew, Normally open, power relay controlled by a pulse from 
ШЕШЕ Operation console. The holding circuit consists of a 
INT switch in series with one of the contacts. The pulse 
in this case must be long enough, approximately 10 sec, to 
моў the cam to rotate to a position such that the limit 
us c is closed. A running indication light is provided 
Sa ctne cperation console. 

сш Uni ec Otro | 

Wit села ups consists of two power 
Eu vs required to reverse the motor, with four contacts 
mem, Оп eaen relay the contact sets are triple pole, single 


K OW normally open, and single pole, single throw, normally 
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closed. Pulses from the operation console will close the 
desired relay to provide power to the pump. A safety circuit 
is provided to protect against the closing of both relays at 
ence. The stop control must be used to stop the pumps. 
иене Drive Control 

pher euit, Fig. H, Is exactly the same as the 
mame control circuit except that limit switches have been 
added to stop the drive at end of travel. 

бе lectrical Cables 

All electrical cables on the platform are contained 
Nor! filled extruded vinyl tubing. Since this can be 
considered as conduit, tees and junction boxes can be used 
as long as the integrity of the system is maintained. 

The recommended wire is vinyl covered stranded 
copper. Vinyl has an КИ ат ЕДТ resistance to the oil 
 ітоптепс. 

The umbilical cable is made up of five, 30 ft lengths 
of Electro Oceanics, Inc. no. 51-F-8-F cable. The plugs 
are sealed and isolated from the sea. The submersible cable 
is no. 51-F-8-M. Each cable contains eight conductors and 
K capable of withstanding 20,000 psi without breakdown. 

The cables are to be sealed to the control box by clamping 
Босо section of vinyl tubing to the cable and to the box 
ша Е пе. 

Тре platform requires 27 leads to the submersible 


meavying 13 leads for instrumentation. 
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The design of the actual mating device has not been 
completed since each submersible has individual characteristics 
requirements. Once a submersible is selected, close 
coordination between the operators and the fabrication 
facility is required. 

E Power Circuit Breaker 

те сено ше стъси 6 breaker for the power circuit. 
The breaker, Cutler-Hammer no. SM 600 BA 100 N1, is remote 
controlled and rated at 100 amp. The contacts can be opened 
or closed by pulses from the operation console. 

4. Relay Recommendations 

Due to the excessive costs of special relays it is 
recommended that the Cutler-Hammer lightweight power relay 
MORAS MISAXD1 be used exclusively. The power contacts are 
rated at 60 amp with 5 amp auxiliary contacts. 

Se Limit Switches 

The limit switches, Cutler Hammer no. SS12ET30-102L4, 
are housed in an oil filled, pressure compensated 6061-T6 
aluminum case. Figure K is a sketch of a typical limit 
са. The roller actuated switch is operated by movement 
НИ пе spring, loaded shaft. А tappet on the end of the 


shaft makes contact with the device to be limited. 


fee АТВ SYSTEM 
Figure L is a diagram of the platform air system. Eight 
ШЕБІ pressure air flasks provide ballast blowing air at 15 


mote, relative to sea pressure, through a bank of five staged 
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E sure regulators. Table B is a listing of component 
Met numbers. 

The high pressure air flasks are produced by. National 
шыбе Div., U.S. Steel Corp. Each has an operating pressure 
of 10,000 psi and a capacity of 2.50 ft^, water volume, pro- 
НЕ а total volume of 20.0 ft?, ШБ l l are attached 
to the uprights of the main frame (Fig. II-2). Four pneu- 
matic bottle clamps, Aeroquip no. MB9915-1200-S-V, are used 
to mount each flask to the upright. The mount plate of each 
camp can be bolted to the upright. Adequate insulation 
between the aluminum pipe and stainless steel pipe must be 
со prevent corrosion. It is recommended that the pipe 
be drilled andstapped and that 06061=T6 aluminum bolts be 
used. 

шШленатт flasks are connected with 303 stainless steel 
meee with an inside diameter of 0.25 in. This pipe is also 
used throughout the five stage regulation bank. Aeroquip 
meme nO, 1501-10 is used for all 15 psi service. Stainless 
Steel reusable fittings are recommended. 

шае reducer bank and pressure relief valves are housed 
in an oil filled, pressure compensated case. Since this 
EE is not connected to the control box it requires a 
pressure compensation device. Bellofram Corp. no. S-9-f-BP-CFM 
NENE! provide for 27 in? of volume change. 

шаси reducer has ports for inlet and outlet pressure 
gauges. Regulator 1 will require both gauges. Regulators 


КОО ООН 5 require gauges only on their outlet ports. The 
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TABLE B 


AIR SYSTEM COMPONENTS 


MFG 


Circle Seal 


Corp: 


Magnatrol 


Valve Corp. 


various 
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NO. 


GD710-5-3-3-2-G 


GD710-5-3-3-2-G 
IR12-250-G 
IR11-250-G 
5К1518-5-2-2-2-0 
5349T-2PP-6500 
5349T-2PP-4250 
5349T-2PP-2250 
5349Т-2РР-550 
5559A-2PP-20 


LV-18N40 


NOTES 


8000-6000 psi 


6000-4000 psi 
4000-2000 psi 
2000-500 psi 
500-15 pss 
6500 relief 
ШОБ тет 
= gere ec 
Бай се сеч: 
20 relier 


Lever override 
Normally closed 


Ball Valve, 
ESSO 





inlet ports of these regulators can be used for the pressure 
relief valves. In this manner, there are no breaks in the 
high pressure piping between the regulators. A 1/4 in. hole 
Grilled into the back of the gauge cases will provide pressure 
compensation within the gauge. With case cover off, the 
Res. can be read and the regulators and relief valves can 

be adjusted. The relief valves are vented outside the case. 
ШЕР ріре репесгасіопв іп the case can be sealed by clamping 

a short section of vinyl tubing to the pipe and case connection. 

The solenoid valves are provided with a housing which 
шлире oll filled and a fitting to connect the cable tubing. 
The valves are both equipped with lever type manual overrides. 
By means of a lanyard attached to the lever of the vent 
pue. a diver can vent the ballast tank in preparation for 
maemo latiorm's descent to the ocean floor. Similarly, the 
Submersible can blow the ballast tank after bottom operations 
are completed. 

The blow valve should be mounted conveniently on the main 
frame and the vent valve is mounted directly to the blow and 
vent block (Fig. III-2-2). 

The reservoir is a standard ICC pressure bottle rated at 
mmvepSi, with a capacity of 1 ft?. fits connected to the 
blow line and can be conveniently located anywhere on the 
main frame. The purpose of the reservoir is to damp out the 
shock waves caused by the sudden opening and closing of the 


blow valve. The reservoir also provides a volume of air at 
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Sea pressure which can expand into the ballast tank as the 


meee orm rises from the ocean floor. 


I. HOLD DOWN SYSTEM 

Since the ballasting system is not capable of providing 
the negative buoyancy necessary to resist the force of in- 
serting instruments, a positive hold down system is required. 
Numerous devices have been used to hold objects to the ocean 
floor. The screw and anchor spade were considered, but were 
EU sto be undesirable. The screw device consists of four 
large augers which would be attached to the corners of the 
pratroprm and rotated into the sediment by motor drives. This 
Would require expensive and complicated drive systems. The 
anchor spade consists of a shovel-like device at the end of 
a long vivoted arm. The device operates much the same as 
a fluked anchor and would be more expensive than the screw 
device. Both devices would be cumbersome and dangerous during 
Shipboard operations. Both devices require separate pedestals 
NO ta tTorm support. A differential pressure plate is used 
Meeause Of its low cost and Simplicity in operation. 

The differential pressure plate, as used on DOSP [1], 
consists of a flat plate which rests on the sediment and 
Supports the platform (Fig. V-1). During hold down a vane 
pump is used to provide a low pressure area beneath the plate. 
lhe differential pressure across пра Рес provides a resisting 
force. The pump can be reversed to provide a blow out force, 


in the event that the platform becomes stuck to the sediment. 
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A skirt а the circular plate мол ргохтаеа to allow for 
Ж ИЕ 5 слап zero gauge pressure at the edge of the plate. 
Three or four such plates ean be used to provide hold down 
Шо ctne platform, 

The pressure distribution beneath the plate hold down 
can be approximated by hydrodynamics. The flow is assumed 
to be that of a two dimensional sink. The pressure distri- 
bution around the sink is integrated over the area of the 
plate resulting in the following equation for the hold down 


memee per plate. 


ща 


» д @ 2 0 
Е = 21[5(г. - rg ) * B In p 
where: 
5 
А = er і 
Hi 
д 2 
Ес (Ро = P Ir, ro 
ü 2 2 
г - г 
1 0 
апа: 


F - force on plate; negative value indicates 
a hold down force. (1b) 


Po zEpoescuresstesierjon port of the plate. Р 
ПИ еони ено ки пева сте gauge pressures. 
oe) 

P. ЕШЬ edee ог plate. Р. is positive 
for negative gauge pressures. (psig) 

ит minimum radius at which Ро с сс, (in,) 
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ШП ОООО ог расе ар skirt: point at which 


- P4 exists. Ста.) 


The equation can be simplified by assuming that Pg 


AS ts only at a point, Ро = 0. The equation then reduces 


to that of a plate with a uniform pressure distribution of 


P With this simplification the designed plate, Fig. V-3, 


JU 
with Р, = 3 psi provides a hold down force of approximately 
ШЕ 100 lb. 


ÀA high value of P, indicates a high vane shear strength 


1 
of the sediment and corresponds to high insertion loads 
(Sect. IV-B). The exact pressure distribution beneath the 
plate is unknown and will have to be determined experimen- 
tally. Figure V-4 and V-4-1 exhibit the test plate con- 
structed by the shop facilities of the Naval Postgraduate 
НОО (NPS). An initial test was performed in the sediment 
tank at NPS. The sediment was pure Kaolinite which has a 
vane shear strength of nearly zero. The pressure vrofile 
exhibited was, as expected, nearly zero. Time restrictions 
КО Пос а11ои ғог further testing in ocean sediments of 
Esous shear strengths. This should be done in order to 
more accurately determine the hold down force of the plates. 
The feasibility has been proven by its use in DOSP [1]. 

Ше поста down plates can be clamped to any member of the 


Rewer main frame, providing for flexibility in use. 
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J. FLOTATION AND MAIN FLOAT 

Synvactic foam has been designated throughout the design 
as the flotation material. This foam is composed of small 
(150 micron diameter) hollow glass spheres uniformly distri- 
buted in a curable polyester matrix. The recommended product 
ENESccofrloat no. PP32, produced by Emerson & Cuming, Inc. 
ЕЕЕ uncured state, the syntactic foam can be packed into 
memes and voids like damp sand. After air curing at room 
memm@eratures, the polyester matrix becomes rigid and the 
foam has a specific weight of 32 1b/ft?. 

This weight is half the specific weight of sea water 
wee Drovides that a block of this syntactic foam weighing 
In alr will displace 2 1b of sea water, yielding a net 
Беби сі те buoyancy of 1 1b. 

ШО Main Float 

Шигвтасп loat., shown іп Fig. M, consists of discs 
Of syntactic foam clamped between two 3 ft diameter 6061-T6 
aluminum discs on a 4 in. diameter solid aluminum shaft. The 
Бас is 10 ft long with cable о: both ends. It 
is recommended that the syntactic foam be molded into discs 
INE! ft in diameter and 5 in. thick with a 4 in. diameter 
mole in the center. A number of these discs can be used to 
make up various buoyancy requirements. Table C can be used 
determine the number of each disc’ to be used. The float 
што а Capacity of 3,200 lb of positive buoyancy with twenty 


шш diameter discs. Each 4 ft diameter disc provides 166.4 
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ib of positive buoyancy and each 3 Тг diameter disc provides : 
БЕ 1b. 

The purpose of the main float is to make up buoyancy 
erzche platform and provide surface stability. The position- 
ing of the float well above the platform reduces operational 
interference on the platform and provides for a high center 
ог buoyancy relative to the center of gravity. The meta- 
centric height of the platform and main float is approximately 
іп, Upon surfacing, after submerged operations, the plat- 
ШӘРІП 15 maintained well below the zone of wave effects for 
moderate seas. The platform is very Stable and its pickup 
by a support ship would not be hampered by radical movement 


иене platform. 


ще 





У. FABRICATION AND ASSEMBLY OF FINAL DESIGN 


А. FABRICATION 

The platform is fabricated primarily from aluminum - 
approximately 85% of all metals used. The primary fabrication 
technique is welding. The aluminum alloy 6061-T6 was chosen 
Mer its excellent weldabllity in addition to its high strength 
and corrosion resistance. The alloy requires no heat treat- 
пива ег welding. The recommended welding method is by 
Ес fas using a filler rod of 4043 alloy aluminum. The 
Aluminum Company of America produces an excellent handbook 
Seeding aluminum and it is highly recommended as a source 
of technical information on the subject. The only welded 
steel joint is on the core barrel-lifting bearing block and 
the use of an iron powder rod will suffice. The preparation 
of surfaces for welding has not been specifically treated 
here since the requirements have been standardized. The 
handbook previously mentioned is a good source for these 
standards. 

Bolted joints are the only other method of fastening 
seda On the platform. These joints can be easily subdivided 
шша ско areas Рог bolt classification. All covers for 
boxes, Such as motor and battery boxes, are joined by molded 
muon bolts. These bolts are inexpensive and, since they 
поп-сопдиссогв, require no electrical isolaticn. All 


Sener bolted joints are made up of K-Monel bolts and 
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шизитастоп. K-Menel alone has good corrosion resistance, 
Et must be insulated when used to.join aluminum. In 
вас where the loading is critical, the insulators are 
fabricated from Delrin. All other joints can be insulated 
by the use of Delrin washers and plastic electrical tape 
wrapped around the bolt shank. 

The following discussions of component fabrication are 
not meant to be totally comprehensive, SU will provide 
information on techniques and known problem areas. 

instrument Drive 

Meens difficult problems in this assembly will 
arise from the fabrication of the screw shaft and drive core, 
pieces I-2 and I-3-2. The square threads specified require 
ЕСН Shaft and core be lathe turned since commercial 
taps and dies are not available. The internal threads will 
EN c most difficult, requiring the construction of a special 
unes bar. The large tolerances are required to allow the 
passage of sea debris through the threads. If the turning 
65е threads is not feasible a standard Acme screw thread 
EE 1/2 x 3 in. - 2G should be used. The die should be 
adjustable in order to meet the tolerances on the shaft. 

ШЕР use of these threads will increase the insertion time by 

EE ctop of 1.5. The power required to insert the instrument 
шаша be Similarly reduced and will not significantly increase 
the amp-min. required. The thread tolerances may lead to 
Benoing during operation, but only testing will provide an 


мет. 
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After assembly, the screw shaft should have little 
ESO in.) play longitudinally. Additional washers of 
Delrin may be placed between the bearing plate and the thrust 
bearing to accomplish this. After this has been accomplished 
Маг је, the drive should be disassembled and two thin 
(0.20 in. thick) foam rubber washers should be placed between 
the thrust bearings and the bearing plate. Upon reassembly 
the foam rubber will preload the thrust bearings and damp 
КО саг vibrations. 

il супрас тс Гоатш should be cured in place in the 
I-beam. Prior to filling, threaded aluminum studs can be 
welded perpendicular to the web of the beam and used, alter 
шиитите, to hold the flotation in place. Four 1/2 in. diameter 
studs per side will suffice. 

2. Main Frame | 

The main frame consists of welded pipe and plate and 
Eug present no difficulty in fabrication. The cutting 
pattern, Fig. II-3-4, is provided for piece II-3-4. 

The syntactic foam should be cured in paper cylinders 
ие сту less than 7.5 in. in diameter and in various lengths. 
The cured cylinders can then be placed in the prepared pipes 
Prior to welding end closures. Small blocks and pieces of 
 гасгіс foam should be used to fill in around curved end 
aces. The pipes, prior to filling with flotation, should 
be ported by drilling two 3/8 in. holes per foot length near 
Ш С Тор and bottom. This will allow for internal pressure 


compensation. 
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bee coring Cylinder and Ballast Tank 


This assembly plus the main frame comprise the majority 
веде fabrication required for the platform. The coring 
cylinder and ballast tank are simply designed and will require 
considerable fabrication time only due to the number of pieces 
го be assembled. The core guides and mid and end sections must 
be orthogonal to ensure proper alignment of the core barrels. 

mire Upper пеутнтујет wearing and drive, piece IJII-1-3, 
must be isolated electrically from the steel drive sprocket. 
Plastic electrical tape can be used where Delrin inserts are 
mew provided. 

The Delrin bearings can be made up of smaller pieces 
and bonded to the aluminum by uSing a cyanoacrylate adhesive, 
such as Loctite Corporation Super Bonder #6 or an epoxy 
compound such as Devcon "2-Ton". Surfaces should be thoroughly 
cleaned prior to application of the adhesive. 

After total assembly of the main frame, coring cylinder, 
ЕШ ballast tank, the vertical play should be less than 1/4 in. 
In air this measurement is the clearance between the upper 
сет псе: іп water it is the clearance between the lower 
bearings. Various thicknesses of the Delrin bearings may be 
used to meet the requirement and should be determined prior to 
 псітіс the bearings to the aluminum. 

со ае Ца Ча ЗА pequires considerable 
meting in order to allow for the plano hinge. The hinges 
Бе Welded to one half of the core barrel and cold formed 


momtit the contour of the pipe prior to welding and forming 
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ЕЕ other half, Prior to use of the core barrel, the edges 
of the halves are sealed with a silicone sealant and the out- 
Side of the barrel is uniformly covered with a silicone base 
ШО Бе, The halves can also be sealed by bonding thin 

strips of foam rubber to the edges. 

mme bearing portion of the core carrier, piece III-5-1, 
Fig. III-6-1, should be uniformly covered with a silicone 
base grease to isolate the steel bearing ess the aluminum 
Kien. 

Sener aori cation ol the coring cylinder, Fig. Il1-1, 
ша Тосастоп сап be molded into it. The molding process 
Should be done in layers not to exceed 5 in. in thickness. 
Thin, flexible plywood (3/16 in.) can be banded to the out- 
Bro form the outer wall of the moig. The inner wall, 

24.5 in. diameter, can be formed from plywood using additional 
Len supports. Stepping this form from the base to the 
top will fill the void bétween the ballast tank and the outer 
EU cor the coring cylinder with flotation. 

ў, Motor Boxes 

Tbe motor boxes consist of commercial components 
housed and framed in a welded 6061-T6 aluminum structure 
(Fig. IV-1,2). Care must be taken during the assembly of 
meee aluminum boxes and internal frames to ensure accurate 
ENEenment of shafts. 

After the box fabrication is completed the motor and 
Meerings are loosely attached to the internal frames. The 


polished shafts and gear sets are assembled starting with the 
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Brest stage and proceeding ВОВЕ e remaining stages. 
шша Спе gears and bearings are located on a shaft, the set 
Ш ШЕШЕ аге tightened. After the entire gear train is assembled, 
the bearings can be positioned, to provide for zero backlash 
in each mesh, and tightened. The shaft seal on the o IS. 
shaft can then be pressed in place. The shaft keyways can 
be cut over the entire length of each shaft except the output 
Вс. The output shaft must be left solid in the area of 
the shaft seal. 

A silicone sealant should be used to seal the cover 
ENDS box prior to filling with oil. 

The specified bearings have no seals. Should an 
и оргласе, sealed, Substitute be used, the seal must be 
perforated to allow for pressure compensation. 

s Ir G i ief OoOo іп the form of small one inch or 
l Tp cubes, is placed in the lower portion of each motor 
Ehe void is to be totally filled with flotation. 
Plastic ice cube trays will make adequate moulds. 

Piece IV-1-9 is used to offset the motor box of the 
mietrument drive being used for coring. The main frame 


interferes with the normal motor box attachment. 


БЕ ASSEMBLY 
Persons associated with the fabrication of the platform 
ша Бе able to assemble it without further assistance. The 


following is a short summary of the assembly steps. 
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Lay out and assemble lower main frame. 

Petach NOlda down plates., 

Шона та ено шта ес bolts to specifications. 

Place Dallast tank in center of the frame. 

Lower coring cylinder over ballast tank. 

Атсасп main frame uprights and top plate and 

Еа ИЕР amen polos to specifications. 

Center ballast tank, attach frame clamp and 

пола ено Specifications.: 

Assemble instrument drives and motor boxes and 

Lorgue to specifications. 

ПЛ плеса | instrument drive for coring and torque 
LO Specifications. 

ШО vesch battery and control boxes. 

ШОО ОА асу арт flasks to uprights and assemble air 
БІНЕ, regulators and valves. 

12. Position instrument drives around main frame and 
torque to specifications. 

Poet Lact coring cylinder motor box and drive, 

fee install all limit switches and instruments. 

ise.) install hold down pumps. | 

16. Install all electrical cables and cable tubing. 

E P3ll compensated systems with oil. 

18. Charge air flasks and batteries. 

Eth batteries on float, connect umbilical to 
submersible. 

Ш вер regulators and check Out operation of all 
electrical systems. 

шаа ногаге corineg cylinder to load cores. 

22. Disconnect umbilical and charging systems. 

A Attach standard 4 leg lifting harness. 


со N OJ SU ho HP 


K platform, with the above completed, is ready forn 


EXUersed operations. 





УТ. CONCLUSIONS AND ALTERATIONS 


шие platform as designed Homcapanple of performing all 
tasks required for the testing of deep ocean sediments. It 
can be easily fabricated from readily available materials 
ЕП Погта)і machine shop capabilities. Once fabricated, the 
platform can be assembled end disassembled with use of hand 
meets and a hoist. 

The platform is capable of operations to 8,000 ft and is 
EuwpStrble with all forms of sediment testing instruments. 
The versatility of the design is not eed tO the testing 
О сеа тепС<, but can be easily adapted to any thalassic 
Seeravion requiring a bottom based platform. 

Mes еп represents a practical limit in the use of 
аср а ballasting medium due to the weight of the air at 
operating depth as described in Section IV-D. The pressures 
and volumes of air that would be required to operate much 
deeper than 8,000 ft would generate enormous engineering 
problems and requirements for materials not yet developed. 
E rorteral limiting depth is of course 50,300 ft, where the 
density of E would equal the density of sea water. For 
purposes of comparison, the density of air at 8,000 ft is 
approximately 2/7 that of sea water. 

my enclosed ballasting system would be necessary for 
operations greater than 8,000 ft. The system would consist 


ENS ballast tank, air flasks, and a blow valve similar to 
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tne installed air erden, There would be a compressor in 
НЕ о: the vent valve. The compressor would transfer air, 
Миге ја џеју low pressure in ballast tanks, to the air 
flasks at a higher pressure. If the displaceable volume of 
the ballast tank is small, implying a very accurate compensa- 
meen, the differential pressure across the compressor will 

be small and will require little power to operate. The opera- 
tion of this system is limited only by the power available 
since there is no mass transfer from the platform by venting. 
The cost of the compressor and additional power requirements 
ened against the cost of the replaced vent valve and two 
pressure flasks provided the incentive for the final design. 

As a further explanation of the last statement, if the 
flask pressure is 8,000 psi, and the ballast tank is as de- 
EN. шета Шен о alr required would be 15.5 ft?. This 
р е11т1пасе the need for two of the air flasks. 

A drawback of the 4510220 505 operated system, which must 
Memecconsidered, is the rate of ballast changing. The compres- 
Ber capacity will, by necessity, be small and hence the rate 
of decreasing buoyancy will be low. A rapid decrease in 
Buoyancy would be necessary in order to stop the ascent of 
the platform in emergencies. A venting system could be in- 
а for emergency use, but once used, the platform may 
meer) remain in an uncontrollable state due to the loss of 
mp weight. With over a mile of water above one, this 


condition could be considered less than desirable. 
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te only alteration that is presently known to be desir- 
ШО under special circumstances is the lengthening of the 
core barrel penetration from 3 ft to 4 ft. This can be 
accomplished by lengthening pieces I-2 and I-5 by 12 in. and 
redesigning piece III-4-1 to allow the instrument block to 
EM ced 12 in. relative to the core barrel lifting bearing. 
Memo verall factor of safety, relative to the 500 lb insertion 
NEUES reduced to approximately 2. The critically loaded 
Memon Of the device 1s the upper and lower sleeve bearings 
ша еа ўл АК. If Rulon LD, product of Dixon Corp., is sub- 
stituted for Delrin AF, the overall safety factor will be 
Iuucnpeased to above 3. The PV limit for Rulon LD is 10,000. 

Mae nola down test plate should be operated in typical 
Ocean sediments to provide an accurate pressure profile 
Memoss the plate. Once the profile is established, variations 
in the plate diameter may have to be made. The determination 
of an adequate hold down force should be made by comparing the 
load required to insert an instrument into the same sediment 
(Section IV-13). If they are nearly equal, with a safety 
ог ог 3 applied to the insertion load, the hold down 
force should be considered as adequate. A vane shear 
measurement should be made in the sediment at the time of 


Acting the hold down plate. 
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PPFENDIX A 
CALCULATIONS 
A. DESIGN CALCULATIONS FOR THE INSTRUMENT DRIVE ASSEMBLY 
h. Design of the Screw Shaft 
iets desired to know the deflection of the screw 
Ert the instrument mount block to determine the clearance 


between the frame and the mount block (Fig. I). 





FIG. 1 LOADING OF SHAFT 


The shaft was considered to be rigidly supported by 
EuNend bearings (Fig. 1). The couple Pb, is the result of 
the offset loading of the mount block (Fig. I-4) during 
insertion. (For withdrawal, P is negative.) For design 
considerations, the offset is considered to be 7 in., measured 
from the centerline of the screw shaft to the line of load 
Mi cation. This allows for the load application tQ be 


centered 2 in. to the left of the mount block face (Fig. I). 
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ШИЕ Песірп insertion and withdrawal ОСОО ОВО Уо 
ineludes a safety factor of 3 over the expected load of 500 
Tis yields a couple of 10,500 in-1b on the shaft. The 
наем On "b" is the length of the threaded portion of the 
Ent block (Fig. 1-3-2, b = 7.25 in:). Since Pb must equal 
the applied couple, it follows that P is 1448.3 1b. 

a. Solving the Statically Indeterminant Beam Problem 

The general equation for the shear in the beam 

was written and directly integrated to yield the following 


EX. 100-103): 


5 

El Фу. М = Pace ee! = С. TER (1) 
dx? 
E 1 al 

В М = Р<х-а> - P«x-a-b^ t Rx + M (2) 
ах 
dv P 2 Pp 2 | Rx* 

АЕ ЕТО = -<х-а> =- -<х-а-р> т —— + Mx ТА (3) 
dx 2 2 2 


3 2 
El y = с<х-а>2 - — їл a + x ао В (49 


where R and M are the reaction and the moment, respectively, 
ШШ (Бе top of the shaft (X = 0.0). A and B are constants of 
ШЕ сга оп. All loading positive when directed to the right 
ри те. | and all clockwise moments are positive. 

Applying the boundary conditions, the slope, 6, 
maaedetlection, v, of the shaft are zero at both ends, to 


Equations (3) and (4) yields the following solutions: 
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R = 2Pa? _ 3Pa® — 2P8? , spe? 
и -- (5) 
L L L L 
3 2 3 2 
2 0 Ра РВ е 
М = —— + — + пр се (6) 
ТЕ р 
Uere; 
a= L-a 
B=L-a-b 


|Moments, Deflections, and Reactions 

Шис ргесевесіттір equations were evaluated for the 
шаша block positioned at the center, 2/3 of the length from 
ШЕ Сор, апа ас (һе bottom of the shaft. Table 1 exhibits 
mme results for the shaft shown in Fig. I-2. The shaft is 
60 in. long and 2 in. in diameter, The material is steel 
ith ати of 30 x 10° DS le 

Superposition of equations presented by 5. 
Timoshenko [6, p. 186-187] was used to check the moments at 
mu -cends of the beam. 

The effect of the screw threads in strengthening 
the shaft was neglected. The maximum positive deflection 


obtained was 0.02 in., when the slide was approximately 2/3 


wehe distance Írom the top of the shaft. Figures 1-1, 





ТАВЬЕ 1 


TABLE OF DEFLECTIONS, MOMENTS, AND REACTIONS 


CASE I 


CASE II 


ES III 


CASE I 

a 20. 4 me 
b er 
L oro in. 
р о з 10 
x DEFLECTION 
in. La 

0 

26.45 0.0043 
33.65 -0.0042 
60.0 

ШТ) 

36.4 ООА 
43.6 0.0074 
60.0 

020 

51 45 0 007 
58.75 0.00021 
ЕШ 0 


96 


AOB II 
36.4 


1083 
60.0 


1448. 


3 


MOMENT 


in-lb 
2291 
-1 305 
4301 
-2582 


3162 

-4979 

3838 
Ber 


1460 
-2511 
7430 
ү ш 


353 


B 
in: 


in. 


lb 


GAGS DIE 
ч, ДЕ 
и. 
СО. О in. 

egeo eq 

REACTION 

ib 
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I-4-1 show à minimum clearance of 0.08 in. between the frame 
НІ сле mount block. The maximum displacement of the tip of 
an instrument 60 in. long occurs at this point and is approx- 
| imately 0.09 in. This was considered as an acceptable dis- 
Em cment Гог the instrument tip during insertion. This is 
Ко сле maximum displacement of the tip during withdrawal; 
Meenetne mount block is 1/3 the distance to the top of the 
screw naft. 
с. Bending Stresses in the Shaft 

As seen from Table 1, the maximum bending moment 
can be approximated by 7500 in-lb. This was used as the 
design moment for end reactions. The bending stress is 


found from the following equation: 


Е 
Зь = BS (7) 


пете; 
M = applied moment (in-1b) 
y = distance from neutral axis of cross section 
ено бег fiters (in. 
I = area moment of inertia (in!) 
Polving; 


A EIN O 
b 0.88913 


700 pst 


СІ 
| 
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The compressive stress due to the 1500 1b insertion load is 
477.5 psi. Thus the total stresses are, 9178.4 psi compressive, 
82231 рві tensile. This provides an additional safety 
factor of at least 6 for normal steels. 
Bue line ог Che Shaft 

Considering the extreme case of the shaft being 
Et in at one end and hinged at the other, with the load 
applied to the hinged end; the following equation provides 


for the critical buckling load of the shaft [1!., p. 89]: 


_ 20.15 ЕТ 
ст L4 


where; 
E = elastic modulus (psi) 
I = area moment of inertia, 0.88913 Rs 
We length of the shaft (in.) 

Сапе: 


_ 20.16(30 x 10°)(0.88913) 
ст: d 


ro 
lI 


149,400 15 
er 


СИЕ ООВ ОЗО Т И пов bsckle the shaft and 
Ш іс safe to assume that the actual offset loading will not 


poutribute significantly enough to buckle the shaft. 
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2. Design of the Upper Bearing Plate 

The upper bearing plate (Fig. I-1) is bolted to the 
instrument drive frame (Fig. I-6) to facilitate servicing 
che screw shaft and the mount block. The plate is loaded 
Бу сре 1500 15 design insertion load and the moment due to 
the bending of the screw shaft by the mount block. This 
applied moment is maximum when the mount block is at the 
Eo! the shaft and in the process of insertion under 
design load. The maximum moment for design purposes, as 
Meni ously stated, is 7500 in-lb. 

a. Deflection of the Bearing Plate 

Superposition of equations presented by R. Roark 

[7, p. 104-106] for tip loaded cantilever beams was used to 
solve for the maximum tip deflection under design loading. 


Tae plate is assumed to be clamped at the drive frame. 


EMO  LOAPING OF THE UPPER BEARING PLATE 
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шшенесшавтоп гог Ер deflection is: 


< 
| 


- сет(2Һ3) ж 2412) (8) 


Where; 
P = design load (1b) 
М = design moment (in-1b) 
I = area moment of inertia , 8/3 mE 
E = elastic modulus , 10 x 109 psi (aluminum) 
Васа перцу or cantilever , 5.5 in. 
solving; 
3 | 2 
ve Ее? (Do) 03) С) 
СОНСО ОС О) ООСО x 10") 
О О UA. 


This is considered to be well within the tolerances of the 
design. 
b. Maximum Stress in Bearing Plate 
The maximum stress due to bending occurs at the 


meee of the cantilever and is found from Equation (7). 


— M'Y 
Mc cT 
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реге; 


M' = moment at root ,, 5005.5) + 7500 1-1 


I = area moment of inertia , 8/3 а 
ШЕ = distance from outer fiber to neutral axis, 
PaO iin, 
ОТИС: 
+ 
о, = [7500 120052.5010.,0) 010 рві 


Since the safety factor of 3 is incorporated in 
РІС sign load of 1500 1b, this maximum stress is within 
the limits of available aluminum plates. The recommended 
material is 6061-T6 aluminum, with a yield stress of 40,000 
реа. 

c, Fasteners for the Bearing Plate 

The bearing plate is fastened to the drive frame 

оце bolts as shown in Fig. 1-1. The loading of the plate 


fs shown in the following figure. 





7500 
IN-LB 


Is 18 


FIG.!3 LOADING OF BEARING PLATE FASTENERS 
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Мао аеро preload is solved for by summing 
moments about point "o" in Fig. 3 and. solving for the required 
EU for equilibrium. This yields a required load of 1159.1 
Bor each bolt. The constraints of the structure are such 
that a 9/16 in. diameter bolt would be the largest acceptable. 
Meer Ollowing equation is provided for calculation of the 


mmlowable loads on a bolt: [8, p. 159]: 


3 
SZ 
ве = 80 (9) 


Шеге; 


Fe = bolt load (1b) 
Бе = yield strength of material (psi) 
ВЕ 5026255 агеа of bolt (in?) 


тен pess anrea ol a 9/16 in. bolt is 0.1820 
E ШОО р. 588]. The bolt material is K-Monel with a yield 


BEength of 111 x 10? ПЕР СШ ESO TEE 


· 103 зда 
ПН х 10) (0,182) 


1436 1р 


Fe 


When torqued properly the 9/16 in. bolts will 
keep the bearing plate from lifting. 
Шен гош кости equation 1s provided for the 


Meduired torque [8, р. 159). 
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= 0 re (10) 
pere; 

T = tightening torque (in-1b) 

C = empirical coefficient 

D = diameter of the bolt (in.) 


Fe = required load (1b) 


Values for C as 0.20 for an "as received condi- 
шаша” and 0.15 for a "lubricated condition" are given by V. 
MESS [8, p. 159]. Due to typical fabrication practice, 


phe value of C equal to 0.20 was selected. Solving; 
T - 0.20(:2-) (1436) * 161.6 in-1b 


3. Design of the Lower Bearing Plate 
lhe lower bearing plate is fully welded to the drive 
frame and was designed by the same procedure as for the 
шррег bearing plate. 
а. Deflection of the Bearing Plate 
The solution is the same as Section A-2-a, App. A, 


using Equation (8) and the loading of Fig. 4. 
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n 


[500 LB .Q IN 


7500 
IN-LB 





FIG. 4 LOADING OF THE LOWER BEARING PLATE 


Solving Equation (8); 


y « -1500(2)(1.0)?(3) , -7500(1.0)* (3) 
ООО О ЛО х 107) ШӘДІ У 


на 
| 


2000035 аи, 


Ius deflection is well within the limits of the design. 
b. Maximum Stress in the Bearing Plate 
The solution is the same as presented in Section 


MED. App. A, using Equation (7). Solving Equation (7); 


ВО Е 150009 0901010) 
б = 
b (ОУ) 
9, = 5063 р51 


ПАР не омео ог" ал ава: топа! factor of safety 
of 7.9 due to the 40,000 psi yield strength of 6061-T6 


aluminum. 
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с. strength of the Weld 
The loading of the weld between the bearing 
Ere апа the drive frame is shown in Fig. 5. The width of 
the weld bead is assumed to be 1/2 in. and the I-beam is 


meee Гп11у welded to the bearing plate. 





FIG. 5 LOADING OF THE WELD 


In order to determine the stress in the weld, the 
uniform tensile stress due to the design load vas added to 


EN tion (7) and evaluated at the outer fibers of the weld. 


_ 1500 LB, My 


y A J] (11) 
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Wuere; 


I = area moment of inertia , 85.90 T 
Еее 1.5 1. 
A = cross sectional area of weld , 6.38 in* 


су = yield stress of the weld , 43 x 10° psi [10] 


solving for the unknown moment "M" 


_ 85.90 5 1500 
ERO $t gs 


оо на 


= 
lI 


The moment allowed by the weld exceeds the maximum 
moment that the plate or I-beam will support in bending. 
The excessive strength of this weld is common to all welds 
ШО Пе system and will not be demonstrated further. 
4. Design of the Instrument Drive Frame 

The drive frame is the main strength member of the 
instrument drive assembly and is the structural link between 
ве instrument drive and the platform. Since deflection of 
meesmember in bending was the main criterion for design, an 
I-beam was chosen as the member shape. The constraints of 
the drive system require the minimum width of the beam to be 
about 4 in. An American Standard Aluminum I-beam, 4 in. wide 
by 8 in. deep, was selected. For design purposes the drive 
frame was considered to be rigidly fixed at a position coin- 


cident with the top of the main frame member of the platform. 
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The design loading of the I-beam is shown in Fig. 6. 


8018 У 
7500 
IN -L8 
ISOOLG 
46 IN 


FIG. 6 LOADING OF THE DRIVE FRAME 


Шеш сасенете all the result of the offset 1500 1b 
design insertion load reacting through the screw shaft and 
upper bearing plate. 

CERD i lection of the Drive Frame 

Applying Equation (8), as in Section А-2-а, Арр. 
ИСО the loading of the drive frame, the following results 


were obtained: solving Equation (8) where; 


Ten a monent Of minertiea , 57.55 in 
E elastic modulus 5 I0 x 108 psi, aluminum 
L = length of beam, 46 in. 


ЗМ 





Бак upload, 850. lb 


iu Euement9-w500 (8) + 7500 in-1b 


M = 

у - —— Во(г) (46)3 „ [7500 + 1500(8)1(46) 
EB оо 
ООО SONO x 10.) . 2050559 о хеб) 

у = 0.0404 in, 


This deflection results in a tip displacement of 
ТТУ inserted instrument of 0.053 in. This added to the 
Стр displacement of 0.064 in. caused by the bending of the 
Боген shaft yields a total displacement of 0.117 in. from 
the vertical. The maximum total displacement of the instru- 
ment tip occurs when the mount block is approximately 2/3 
ШЕ П15сапсе Ггоп the top of the screw shaft; or, the 
instrument has been inserted 2/3 of its distance of travel. 
This displacement is 0.130 in. A displacement of this 
magnitude was considered acceptable for the instrument tip 
тим insertion. 

During withdrawal the lower portion of the I-beam 
шта be loaded similar to Fig. 6 and the deflection of the 
Beam would be 0.0005 in. This deflection and the associated 


stresses are clearly negligible for design purposes. 
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b. Maximum Stress in the Drive Frame 
Је Пена а) is applied to the loading in Fig. б 
in order to calculate the bending stress at the root of the 


entilever, Solving Equation (11) where; 


М = sum of the moments acting at the root of the 
beam = 80(46) + 1500(8) + 7500 in-1b 


y = outer fiber distance, 4 dm. 
Сиа хааш load » 1500 1b 


а со 
A = cross sectional area, 5.4 in 


- 180(46) + 1500(8) + 75001(4) , 1500 
Бас» 5.4 


1990. psi 


a 
ЇЇ 


This stress is well within the limits of the 
yield strength of a 6061-T6 aluminum. 
5. Design of the Mounting Brackets 
The mounting brackets (Fig. I, I-5) hold the instru- 
ment drive assembly to the main frame of the platform. The 


Nadine of the mount bracket is shown in Fig. (7). 


За 











А 
г 
2 


T 


ООС ОЕ THE MOUNT BRACKET 





o fp 





BEEN Ud. P, is the result of the only external force on the 
Ene assembly, the design load of 1500 15. The determination 


EENEhe load, P, is shown in Fig. 8. 


= Р 
АДИ 
19.5 М о 
ASIN 
Р / 


1500 6 


FIG. 8 LOAD TRANSFER TO THE MAIN FRAME 


enn moments about the point "o" yields the 


lowing results. 
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ВЕ 050000005) 
201.75) 


м 
| 


- 3080 1b 


РЬ mepresents (пе Torce exerted by the preloaded 
memos fastening the mounting bracket to the drive frame. 
Mere are four such bolts for each mounting bracket. 

a. Maximum Stress in the Mounting Bracket 

The maximum stress occurs at Section A-A (Fig. 7) 

of the mounting bracket. Applying Equation (7) the following 


results are obtained. Solving Equation (7) where; 


M = moment applied 
Т = area moment of inertia , 0.2233 D 
y = outer fiber distance , 0.4375 in. 


K = stress concentration factor , 1.73 [13, p. 139] 


MIES AO AAA ES, 
max I ЕЕ UNES 


а 
|| 


7930 psi 


а 
l 


This stress is well within the yield strength of 
6061-T6 aluminum and provides an added safety factor of 


approximately 5.1. 
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РВ p c for the Mounting Bracket 
Summing the moments about point "o" in Fig. 7 
pan ПБ the required bolt preload for equilibrium of the 


mounting bracket. 


p = 3080(4.25) 
В E (1.5) 
г - 2100 2% 


> selected were 3/4 in. in diameter. 
Equation (9) was used to solve for the allowable yield stress 
EN bolt material. The stress area of a 3/4 in. bolt is 


0.334 in“ [8, p. 588]. 


6 Pr 
CAE 12 
Р Е 2120 
5 

where; 

РЬ = required preload (1b) 

т Т2 

А. = stress area (in) 
solving; 

а 6(2180) 


У (0.334) 2/2 


c = 67,800 psi 
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This is well below the yield stress of K-Monel, 


EU x 109 


psi), which was the material chosen for the bolts. 
Тре torque required to preload the bolts was 
found from Equation (10). The coefficient for the as received 


condition, 0.20, was used. Solving Equation (10) where; 


D оша dreameter of the bolt, 0.75 in. 
P, = required preload , 2180 1b 

С = 0.20 

Т = 0.20(0.75) (2180) 

Is ТБ 


6. Design of the Thrust Bearings 

The thrust bearings, located at the ends of the screw 
mmo, Carry the axial design loading of the screw shaft due 
E nsertion or withdrawal of an instrument. The thrust 
waring will also support a major portion of the moment re- 
шиштей to hold the end of the shaft rigidly at zero slope. 
ies moment, as stated before, has a maximum value of 7500 
END. For design purposes, the thrust bearing will be 
considered as supporting this moment. 

open сасе. Dall type, thrust bearing was chosen 
mer the design. The open design would allow for lubrication 


Of the bearing by sea water. 





a. Loading of the Bearing 
Considering a bearing with an inside diameter of 
ШӘ Та. and an outside diameter of 4.0 in. for the design, 
the resulting race diameter of 3.41 in. yields a total moment 
ООШОТ 1.7028 in. to resist the design moment of 7500 in-1b. 
Assuming a linear force distribution along the bearing race, 
Fig. 9 represents the loading of the bearing due to the 


design moment. 


Bearing 


Race 
AL, 





Fle) = r Sun O 


FIG. 9 LOADING ON THE THRUST BEARING 
DUE TO THE DESIGN MOMENT 


иене Moments about the center of the bearing 
Ee. point C, the following equation results. 


п/а 2 


Mn = 2p? p! / 31070 ае (150 
0 
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where; 


Mn = design moment (in-1b) 
Питао "по СІ the bearing race , 1.375 in. 
р' = maximum thrust load/inch of bearing race 


(Ше аре), 


solving for thrust load/inch; 


р! = i 
20 1/2 93 
2r J sine de 


0 


eM 
DES > 
T T 


© 
| 


2d 15/in 


A bearing with stock no. 914, produced by SKF 
шиш сгев, Inc. of Philadelphia, Pa. was selected. The 
io rated load is 13,200 lb distributed over 20 balls. 
ШОШ allows for a rated load of 660 1b per ball. 

Imsorder со determine the design load per ball, 
a ball was assumed to be positioned at theta equalling 90 
degrees (Fig. 9). The load supported by this ball can be 


determined from the following equation: 


9» 


P = дар! НО ao 


91 
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where; 


p 


solving; 


Wem load On the ball (1b) 


inches of ball race circumference/radian , 
1.70275 in/rad 


angle in degrees, to the center of the space 
between the subject ball and the adjacent 
ponat. 519 


Өе їп <egrees, to the eenter of the subject 
ball , 90° 


maximum thrust bearing load/inch of race, 
200399. 1b/in 


t 
2p'a Cos 94 


2505.4) (1.70275) Cos 81° 


1345 1b/ball 


моста сре load per ball due to the axial load 


Ш (9200 Ib, the maximum total load per ball was found to be 


220 ЗЬ. 


timc load Which includes the safety factor ог з, 


applied to the expected insertion load, exceeds the allowable 


Шоай of 660 ЗЬ per ball. Using the expected insertion load 


200 15; the total load per ball reduces to 523 1b. When 


Eompared to the allowable load, the safety factor is 1.26. 


The manufacturer B 1 о ы сема ее срео this bearing, 
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Meerating with a safety factor of 1.26, will have a minimum 
life of 240 hours at a design speed of 120 RPM. Considering 
that an operational cycle of the instrument drive requires 

Em loading of each bearing for one minute, the minimum life 
of each bearing is 14,400 cycles. This is well within the 
meee Criterion of the system. 

The manufacturer states that permanent deformation 
ле Dalls will occur if the load exceeds 1775 lb per ball. 
This is greater than the design load per ball for a safety 
factor of 3. Since the design load is not expected and if it 
Were to occur it Touli be only momentary, this bearing is 
expected to function properly within the system. The ease 
of replacement and relatively low cost also enhance the 
acceptance of this marginal design. 

Ic Torque Required to Rotate the Screw Shaft 
The torque required to rotate the shaft is the sum 
Beene friction torques in the thrust ana sleeve bearings 
пиле friction in the power threads. 
a. Power Thread Torque 

The following equation provides the torque re- 

quired to rotate the power thread under load (Fig. I-3) 

ШЕ р. 2191. 

Ер 
2 


т = 2208 (14) 
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штете; 


solving; 


bearings is 


the bearing 


where; 


І 


vorque Lo rotate (in-lb) 


mean diameter of the screw а: 


> 


lead of the screw/mean diameter , 0.0707 


coefficient of friction ео ть 2507 


> 


axial load on the screw (1b) 


120942. 25) аз ОООО 2 


- 0. Basar 0707)? 


В 110-15 


Thrust Bearing Torque 


lBmesccetrTlolent of friction for the thrust 


0 


о еаспгеа ау Ше radiúus of the bore of 


[12, p. 16]. The following equation applies: 


|| 


И 


REP 0.0013) (15) 


toraue to rotate (in-lb) 
вене Of the. bore 5 1.0/2 in. 


о > load + 11,500 1b 
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Solving; 


Е: 
| 


07 (11.500)(0.0013) 


16.0 in-1b 


Ез 
| 


с. Sleeve Bearing Load and Total Torque 

The maximum sleeve bearing (Fig. I-1) torque is 
шие со the sum of the load due to bending of the screw and 
ieee bensiOn in the chain drive during operation. This load 
is subsequently dependent upon the total torque required to 
шае the screw shaft and the radius of the chain sprocket. 
mee radius of the sprocket is 3.3 in. The coefficient of 
B uction of Delrin AF is approximately 0.10 as provided ру 
the DuPont Company. The following equations were solved to 
yield the sleeve bearing load and the total torque required 


to rotate the shaft. 


E TM 
Pos Р. + 33 (16) 


Ез 
| 


+ + 
DESEE Т, UM (ШІП) 


where; 


Т = total torque to rotate the shaft (in-1b) 
P = total load on the bearing (1b) 


ГОИ ОШ Оо the bearing due to bending of the 
Sereu shaft (Table 1)(1b) 
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R. =ОШ ОТ ol the shaft (in.) 
о бе ес ol friction , 0.10 
m & T, = torques previously calculated (in-1b) 
solving; 
T 
P = 260 + == 
нэ 
ПА 0-2(0.10)(Р) + 333 + 16.0 
Р = 376 15 
T = 388 in-lb 


d. Power Required to Rotate the Screw Shaft 
шлешена в rotates at 120 "REM. “The following 


eauation provides the horsepower to rotate the shaft: 


НР = ШЫ Т 
6(33,000) 


пете; 


М = КРМ 


3 
lI 


torque (in-1b) 
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Ewing; 


m: 0012090288) 
es, Е 


HP 


| 


0.739 пр 


8. Upper and Lower Sleeve Bearing Design 

EA produced by DuPont Co., Wilmington, De. 
was selected as the material for the bearings (Fig. I-1). 
Its dielectric properties make it an excellent insulator 
against corrosion between the steel shaft and the aluminum 
bearing plate. Delrin is relatively inexpensive and is 
easily machined. 

Head Capacity 

The manufacturer provides a "PV" limit for unlu- 

bricated bearings of 5800 for a bearing velocity of C fi min. 
The "PV" number is the product of the bearing ioad in pounds 
per square inch of projected shaft area and the surface ve- 
Eu of the shaft in feet per minute. The design load is 
376 (Section A-7-c, APP. A). The projected shaft area is 


: шасце surtace velocity of the shaft is 62.8 ft/min. 


|! in 
This yields a "PV" value of 5915, which exceeds the manufac- 
turer's specification for unlubricated bearings by 2%. The 
Em 3cture»r states that if the bearing is lubricated the 


PV" limit will increase, but provides no quantitative value 


E ubrication. Since the design provides an overall safety 
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factor of 2.94 it is expected to operate satisfactorily 
Within the system. The "PV" value for the expected insertion 


шоса of 500 lb is 1971. 


B. DESIGN CALCULATIONS FOR THE MAIN FRAME 

Since the actual loading of the frame is small compared 
спе capacity of the frame to carry the load, the following 
calculations will demonstrate the maximum allowable loading. 
Eure ITI exhibits the main frame and its various components. 
Figures II-1 through II-!-1 exhibit the actual construction 
of each component. 

E Maximum Torsion of the Lower Frame Members 

The lower frame members are the main loading areas 

of the frame (Fig. II-3,4). The instrument drive assemblies 
ЕЕ (бесірлпей to be mounted anywhere on the lower frame mem- 
memo. The 1500 1b design insertion load, offset by 19.5 in. 
from the center of the frame member, provides the largest 
expected torque within the frame. This torque is 29,250 
ШІ Ір (Кір. 8). A typical cross section of a lower frame 


member is shown in Fig. (10). 


e 








FIG. 10 CROSS-SECTION OF TYPICAL LOWER FRAME MEMBER 


There are many methods capable of resolving the maxi- 
mee orsion the member will support. The finite elemen 
method would provide the most accurate results and would 
include the influence of the stress concentrations where the 
шесрапрги таг ber is welded to the pipe. A solution of this 
intricacy would, as will be demonstrated later, require an 
inordinate expenditure of resources. S. Timoshenko [16, р. 237] 
outlines the use of membrane analogy as a method of stress 
analysis in torsional members of non-standard cross section. | 
Ш ЕЕ onethod would also include the effects of the stress 
Шеста јоп5, but, again, would not be desirable since the 
Beogurred apparatus is not available. ,The method used here, 
EM CuEsEh approximate, proves to be sufficiently accurate Гог 
ШРпигрове. It divides the cross section into various 


Mara cross sections, for which the required equations are 


des 





шой. A selected portion ol the cross section is subjected 
me@moOrsion and the remaining portions are subjected to a com- 
action of bending, іп two orthogonal directions, and torsion, 
Cu (ey to maintain rigid body continuity. This method 
assumes that the cross section will remain unchanged by the 
Кеш оп апа neglects the effects of the stress concentrations. 

Mae subject cross section, Fig. 10, can be divided 
EN hree standard cross sections; a hollow cylinder and 
two rectangular bars. The cylinder was subjected to torsion 
and the bars were bent and torqued to comply with rigid body 
КМ The radial load, relative to the centerline of the 
cylinder, required to bend the bar into the rigid body posi- 
Eu after torsion of the cylinder, is less than 10 1b and 
will be neglected аш о аорта рае аеш аве. 

The following equations provide the torsion of a 


MENTON cylinder [l6, p. 2938]. 


32 M. 
ша) с 
LO Ша 
1 = —— y (109 
max 3 а 
T D*(1 - m) 
D 
wnere; 
0 - angle of twist per unit length (rad/in) 
аа = maximum shear stress in the section (psi) 
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М = torsional moment (in-1b) 
- outside diameter, 8.00 in. 


inside diameter, 7.50 in. 


C2 р, зо 
lI 


K modulus Of elasticity, 3.75 x 10° psi 


Equations (18) and (19) were solved for the allowable 
3 


Memene and angle of twist at a yield strength of 30 x 10- psi 


Euwhnear for 6061-T6 aluminum. 
bonus Equation (19) for M, 


Ц 
3 90) 
зо Do ) 
M = (8.0) 


16 


= 
| 


686,200 in-1b 


пита Equation (18) for theta; 


pe 32(686,195) 
и (7-5) 7703275 х 10) 
Әте- 0.002 rad/in 


The following equations provide the torsion of a 


Bar with a rectangular cross section [6, p. 2989]. 


b 2 
— mk —— — eee сы 0 





"пах = па moe | (21) 
where ; 
9 & Ho. 85 defined before 
M, - torsional moment (in-1b) 

ев one side Of the section, 1.50 in. 

mens nort side of the section, 1.00 in. 

K S ear modulus; 3.75 x 106 psi 

a & 8 = constants [6, p. 290] 

акад аэ 
В = 0.196 


Equations (20) and (21) were solved for the allowable 
moment and angle of twist at a yield strength of 30 x 102 
psi in shear for 6061-T6 aluminum. 
Ir Баџајоп (21) Гог М; 


= 30,000(0.231) (1.5) (1.0) 


= 
| 


= 
| 


= 10,395 in-1b 


НО ле Equation (20) for theta; 


Les 


ЕЯ om 
Е 
звай (I  )(1⁄0)2(9,.75 x 10°) 
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Ө = 0.0094 rad/in 


Ecc ПЕ section twists as a rigid body, the angle 
of twist of the cylinder and the bars must be the same. 
Equating Equations (18) and (20) yields the following 


relationship between М. andensereonztchissspeeifie eross 


b 
Section. 
3 
Mm = 32 Ë b c M 
В. т(р'- а“) e 
Solving; 
3 
ТЕ ока 96 (а) (1.0) у 


Bears. 
КЕ о) (7.5) °С 


md 
М, > М. (22) 
Шешсу  пдег уле1а5 аб the lowest angle of twist and 
mos limits the angle of twist of the composite section to 
0.002 rad/in. The total moment supported by the section, 
М. › Peeclusive of the torque required to bend the bars, can 


Mer represented as a function of the limiting moment, Mo > as 


follows. 


ү 





Applying Equation 22); 
wear 


= 311? М. (23) 


Solving for M with M. Previously calculated: 


= 2 
Ms = (ТЕ 377) (686,200) 
= 690,600 in-1b 


ТР the torsionally loaded frame member is assumed to 
Bemeripidly fixed at both ends and it is loaded symetrically, 
the maximum allowable moment would be 1.38 x 10° in-lb. With 
a safety factor of 3, the maximum allowable moment would be 
8.6 x 10? 11-16. This is in excess of any expected load by 
a factor of approximately 16. 

The tangential load on the rectangular bar, required 
шае rigid body continuity is 24 1b/in for a member 15 in. 
mone, with a torsional rotation of 0.002 rad/in. This induces 
a maximum tensile stress of 11,348 psi in the rectangular 
Ber and allows for an additional torsion of the member of 
2037 in-lb. For this analysis the bar was assumed to be a 
uniformly loaded cantilever. 


ПИ = его lO) ot. an Instrument Tip Due to Rotation 


of the Lower Frame Member 
Considering an instrument protruding 60 in. below 


Ше гапе; the tip deflection, for a design load of 1500 10, 
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can be found by applying Equations (18) and (23). The longest 
ENcUpported span in the lower frame is 30 in. The loading 

is considered to be centrally located on the member. The 
rotation of the member, 4.24 x107? rad/in, yields a tip deflec- 
tion of 0.0382 in. This added to the deflection due to the 
instrument drive deformation, Section A-4-a, APP. A, yields 
move) design tip deflection of 0.17 in. А deflection of 

this magnitude is not expected to affect the operation of 

the instruments in any way. 


3. Bending of the Lower Frame Members Due to 


Transverse Loading 

The lower frame members, for load limit design pur- 
Ке сап бе considered as beams rigidly fixed at both ends 
and spanning 100 in. If the load is considered to be applied 
at the center of the beam, the following equation provides 


Гог the maximum moment [7, p. 112]. 
М. = 4 py (24) 
пах 8 


шеге; 


transverse load (1b) 


ко 
| 


En 
И 


ШЕП СЛОВ Беат, 100 пи. 


Applying Equation (7) yields the following equation 


mor the maximum load supported by the beam. 
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Ha es | (25) 
Dnere; 


y = distance to the outer fiber (in.) 
o = yield strength, 40,000 psi for 6061-T6 aluminum 


I = v ВНЕ 1a of the cross Selepuon, Fig, 10, 
(in®) 


І, & P = previously defined 


о мапе for I 


H 
И 


T Д Ц ү 3 3 
"(В === r ) ах ypb (H - h ) 
where; 


R = outside radius of pipe (in.) 


r = inside radius of pipe (in.) 

b = width of rectangular bar (in.) 
Ве e SO 

h = 2H 


и = 1т( (4.0) LEE 201.0) (011.0)? - (8.0) 3) 


I = 114.0 in” 
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solving for maximum transverse load; 


_ 8.0(10 x 103) (114.0) 
100(5.5) 


д, 
l 


- 66,300 1b 


With a"safety factor of 3,"the maximum altowable 
transverse load is 2.21 x 109 lb. The design load is 1500 
пр. 

Д. Strength of the Bolt Pattern of the Connecting Plates 
S nearing of the Bolt Pattern 

I опште со ог рлаве. Fig. II-1-1, has eight 
9/16 - 16 UNF K-Monel bolts, torqued to 161 in-lb (Sect. A-2-c, 
APP. A). The bolt preload yields a total compressive load 
between the plates of 11,491 1b. The stress area of the 
ШОО is 0.203 in“ ccn o А еве conection 
Bensısts Of slipping of the plates relative to each other 
Ши бре resulting shearing of the bolts. If the pressure 
area is assumed to be centered around the bolt centers, the 
following equation provides the torque required to fail 
men joint. The coefficient of friction for aluminum to 


ра пош іс 1.1 |15, р. Е-16|. Тһе ultimate stress of 


 Попе1 in shear is 98 x 103 о СЦ 


Т = ВР ТА, 9.) (26) 
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where; 


Ire rales vo fail (in-1b) 
LI С 5016 сепбего. 5.5 іп. (Кір. ІІ-1-1) 
uw = coefficient of friction 
Р = compressive load (15) 
A_ = stress area of bolts (in?) 


б - ultimate strength of the bolts in shear (psi) 


Solving; 


а теле дол оо ВО, 20398 х 10) 


ЕЗ 
| 


Be 
ll 


179,000 in-1b 


With a safety factor of 3, the allowable torque per connection 
1559 6016 in-1b. This is twice the design torque of 29,250 
Eb (Fig. 8). 

b. Bending Moment Required to Open the Bolted Joint 

Opening of the connection plates in bending con- 

stitutes a mode of failure of the joint. Figure II-1-1 
EENUbjts the bolt diagram of the plate. If the plate is 
Eented sueh that point "A" is at the vertical and the joint 
assumed to hinge, in failure, about a line connecting the 
шо bolt holes opposite of point "A", the following equation 
ENovides the bending moment required to open the joint. The 


Ш ЕС in. bolts, torqued to 161 in-lb, provide individual 


We 





forces, assumed to be located at the bolt centers, of 1436.4 
EN Ihe bolts act in pairs and the moment arms, from top to 


боп, гге respectively; 10.16, 7.19, 2.98 in. 


2(1436.4)(10.16 + 7.19 + 2.98) 


“в 


= 
! 


58,400 in-1b 


E Ни нсоле аесо = реат, fixed at both ends, 
ТОО in. long, the following equation provides for the 
moment betveen one end and the centrally applied load 


ШИР. 112). 
i 
where; 


M = moment at x (in-1b) 
EN spence from the end (in.) 
Pezsrransverse load (1b) 


L = length of the beam (in.) 


Solving for P, when the moment at x is the bending 
moment for failure of the joint. The joint is located 8.25 


in. from the end. 





8(-58,400) 


СРЕ оо 


hg 
И 


6972 1b 


If the loading is assumed to be the design 
insertion load, the joint has a safety factor of 4,6, 
c 5ppengebth of the Joint in Tension 
Клеа сео the joint in tension is constituted 
by the parting of the connection plates. In order for the 
plates to part, the preload of the eight 9/16 in. bolts must 
be exceeded. The preload is 1436.4 lb, Section A-2-c, App. А, 
and the subsequent load required for failure in tension is 
11,491 1b. 
oe Buckling of the Middle Support Columns 
The upper support section can be considered as a 
column loaded in compression with both ends fixed (Fig. II-2). 
ШЕ Tollowing equation provides for the critical buckling 


Ed of such a column [14, p. 671. 


2 
] 
Р ме | T = I (28) 
к Је 
штете ; 
Por = critical buckling load (1b) 
Е, оо of elastieity,.10 x 100 DS 
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I = moment of inertia of the cross-section ne) 


Pea wee a Ot the column, 59.0 in. 


Solving; 
2 6 
eu [CL О), 2 2 
Р Se (5 ( (4.0) – (3.75) )) 
СД Cone " 
Ue 2,000 Wb 


This buckling load allows for a vertical load on 
cof the platform of approximately 5.7 x 10° locu Ба сива S 
well in excess of any imaginable loading. 

me Determination of the Cut for Piece II-3-4 

The piece in question is a part of the lower end 
section of the main frame (Fig. II-3). It serves as a con- 
nection between the middle support and lower end sections. 
Since this pipe intersects the lower end section at the 
corner joint of two pipes at an angle of 55.1? from the plane 
Еспе lower frame, the cut required on the connecting piece 
Anot а standard curve. 

The cut was determined graphically (Fig. II-3-5, fold 
out) by passing a vertical plane, parallel to the axis of 
Berry, throush the subject joint. The resulting section 
was then constructed in plan view and the location of the 
intersection of piece II-3-4 and the lower frame, relative 


to a suitable reference frame, was recorded. The reference 
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frame chosen was an orthogonal frame with two ЕЕЕ in the 
Ene of the section, one of which was parallel to the 
centerline of piece II-3-4. This process was repeated 
systematically by passing the section plane at multiples of 

K Orl distance, measured perpendicular to the plane of 
 ШЕсгу, until the sections passed out of the realm of the 
subject joint. The resulting data represents isolated points 
of intersection between piece II-3-4 and Ehe lower frame. 
These points can be used to generate a pattern for cutting 

by determining the circumferential distance betveen sections 
апа locating the intersections axially on the piece, measur- 
ing from a transverse plane. Figure II-3-4 represents the 
enting pattern. This pattern is for half the circumfer- 
SO: the pipe, since the pipe is symmetric about a vertical 
plane. The pattern need only be reversed to mark the opposite 
side of the pipe. 

Since the process excludes the thickness of the pipe, 
шашы -zrinding of the inside of the pipe will be necessary 
Her a close fit. An exact fit is not necessary since the 
piece is to be welded to the lower frame. 

This procedure can be used in any circumstance where 
an accurate section can be constructed. The accuracy of the 
method is dependent on the accuracy of the construction of 
the section and the required measurements. If the thickness 
EM ne pipe was included in the constructed section, the 
shape of cM line surface for an exact cut could be 


determined. 
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Ш А DESIGN CALCULATIONS FOR THE CORING ASSEMBLY 

вое coring assembly consists of a coring cylinder 
(Fig. III-1), the ballast tank and core cylinder support 
(Fig. III-2), eight cores (Fig. III-3), and the instrument 
drive to core connector (Fig. III-4-1). Figures (III-5-3,4) 
show cross sections of the coring assembly. The only loads 
On the assembly, that are of any consequence, are those 
experienced during insertion and withdrawal of the core and 
шале blowing of the ballast tank with pressurized air. 

ша onearingg of the Core Lifting Bearing Retaining Bolt 

The weakest link in the core insertion and withdrawal 

system is the 5/8-18 UNF bolt attaching the lifting bearing 
to the core (Fig. III-3-!). The subject bearing is loaded 
morally during insertion and withdrawal and transmits а 
E ring load to the bolt. The stress area of the bolt is 
e555 in* [11, P. I-203]. The ultimate stress in shear of 
the bolt material, K-Monel, is 98 x 10° Је ви ка в 5664. 
The following equation was used to calculate the ultimate 


Nd that the bolt will withstand in shear. 


Е 2 3 
БД. Б А А. ОЕ а DD) 


hd 
| 


eee 25,000 1b 


uo Icd pn addition to the load required to move 
Me inner race of the bearing relative to the core, provides 


the ultimate load that the bearing connection will withstand. 


Lo 





Since an instrument drive assembly is used to insert and 
withdraw the core, the maximum load that the bolt will be 
си геа to support is the design load of 1500 1b. The 
subject bolt, due to shear strength alone, has an additional 
Кесу factor of over 16. 

Bee rreload of the Core Lifting Bearing Retaining Bolt 

Applying Equations (9) and (10) to the 5/8-18 UNF 

E the following results are obtained. 


Equation (9) 


б (А ) 3/2 
Ее 5 — 
ре = (lll x 103)(0.2555) 3/2 
Fe = 2390 1b 


Equation (10) 


T = СО Ее 
= 0 200578) (2390) 
Т = 299 11-1 


The maximum torque allowable is 299 in-lb. Since the 
bolt preload is required only to clamp the inner race of the 


bearing, to prevent rotation, this maximum is not required. 
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A preload of 500 ШИЮ шо а torque of 62.5 in-ıb is 
pecommended as a satisfactory specification. 
meS tresses in the Ballast Tank During Ballast Blowing 

nem oallass tank can be considered as a circular 
Binder 82 in. long with a mean radius of 11.75 in. and a 
ПИК Сп скпез5 ог 0.5 in. (Fig. III-2). One end is closed 
НИК <  гсцјаг рјасбе, 0.5 in. thick, and the other end is 
Open. The ballast water will be blown with 15 psig air. 

a. Hoop Stresses in the Ballast Tank 

The hoop stress in the cylinder due to the inter- 

Mew pressure, in areas not affected by the end conditions, 
ШО еп ру the following equation [17, p. 398]. The pressure 
ШЕЕ for the calculation is 45 psig, a safety factor of 3 over 


the actual value. 


Pa 
Пете; 
Fu р5ір 
a = mean pradius, 11.75 in. 
Lam nsekness, 0.5 in. 
о пе 
I ume) 
t 0.5 
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б. = 1057 psi 
mMiewanerease in radius of the cylinder due to 
the internal pressure is given by the following equation 


Ш р. 398]. 





$ = Е (30) 


where; 
а = mean radius; 11.75 in. 
E = elastic modulus, 10 x 10° psi, 6061-T6 aluminum 
а hoop stress (psi) 

Solving; 


751057) 
10 x 10 


NM ENS 


СО» 
|| 


This is the major outward deflection of the cylinder 
uning operation. 
I стезси вие to the Restraining Ring 
ен по Токшње eauation 15 used to determine the 
moment in the cylinder, beneath the ring (Fig. III-2-5), 


Ш р. 105-1061. 


ша 





where;j; 


solving; 


P(1 - =>) 
М = ENS хо (га) (31) 


E. T 1/4 
| 
a h 
. sinh 2a - Sin 2a 
А mn Da E Sin За 


FJ 
1 


pressure, 45 psig 


Pe Рош воле ratio, 0.33 18, p. 566] 





си шест radius, 11.75 in. 
l спискиезз, 0.5 in. 
L = length between restraints, 70 in. 
@ = = 
в = [За - (0.332217 
Greg) (0.5) 

Г 
“я G C0) 

2 
a = 18.46 


Е 





М оо) 9.92) 


x,(20) - sinh(36.92) Y Sin(36.92 


хо (га) 1.00000 


45(1 - 5(0.33)) 


M. mma... = (G 060) 
AMOO 2050) 
Ще = 67.5 in-lb/in of circumference 


The maximum stress is the tensile stress beneath 
mee ring due to the moment and the closed end of the cylinder. 
Equation (7) in addition to the effects of the end load, 


provides the following. 


о y Ea 
h 2h 

where; 

М. = moment (in-1b) 

P = pressure, 45 psig 

cue ean radius, 11.75 in. 

Me-zchnlekness, 0.5 in. 
solving; 


ШЕЛ 50H15) 
(б. 2(0.5) 
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o = 2149 psi 


The material to be used is 6061-T6 aluminum with 
a yield stress of 40,000 psi. 
Ее со сле End Closure 
i о оте о monent and shear due to the end 
meme closed by a flat plate are determined by the following 


(са [7, р. 307]. 


ВЕС 


LE вана а Лб (32) 
Vi = M (28 * F) - А (33) 
where; 
Ne р a? 42 
101 + у) 
В = СЕР a g3 D 
k T 
Ui 5%) 


ново о) 


в оса BE 
ПЕЕ) 

б = ВЕЋ 

Be 

D = 5 
ао) 


ща 





relving; 


(30 = p 
2 h° 


modulus of elasticity, 10 x 100 


psi 
Perssons ratio, 0.33 
pressure, 45 psig 


ПЕЕ ааа 1, 7 5 im. 


оп шектезв, 0.5 іп. 


за - (0.3322) 1/1 


EE Е 
005275 


10 x 109 (0.5)? 


Ца -= 0005370) 
ШО ОСО хло” 
0.5275(10 х 10°) (0.5) 


DNO X 109 


AN. a) 
1 + 0.33 


4.9166 
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С = 10 х 109(0.5) 4 2(11.75)(1.169 х 102)(0.5275)3(0.67) 


о 2000 x 106 


В = 2(45) (11.75) *(0.5275) (1.169 х 102) 
1 - 5(0.33) 


Вох 108 


NOU: 8508775)? (0:52 75)* 


"ONSE S 
ПЕ 2010,2 
2.5534 х 108 
а == 
2 ТОО 
Но” 2.638 10° 
20 5075) + 1.9166 = = 2 
See 


M = 706.75 in-lb/in of circumference 


ШЕ - 796 Т75(2(0,5215) + 4.9166) - 3818.2 


ЕО. РЗ lb/in of circumference 


The maximum bending, hoop, and shear stress in 


mae cylinder occur at its end and are provided by the 


molowing equations [7, p. 302]. 


LSS 





Hoop stress 


ще рога Ра 
h E E 5 M BO -- 


Sendai stress plus longitudinal stress 


where; 


All variables are as defined before. 


С 


(35) 


(36) 


Sol ne: 


в = 2(0.5275) (11.75) (92 23 020555050055 20500 


h O25 

Е ( 5) 

035 
а, = 320.12 psi, tension 
5706-75). , ISS) 
b 2 
00259 ел 685577, 

o, = -16,430 psi, compression 





_ 402.23 
0.5 


A 
ll 


S04 psi 


The stresses are below the limiting stresses of 
6061-T6 aluminum. 

The stresses in the circular end plate are equal 
КОШООР less than those in the cylinder and can be found from 
equations presented by R. Roark [7, p. 216,219]. The material 
to be used is 6061-T6 aluminum with a yield strength in ten- 
ЕП ОТ 10,000 рві and an ultimate shear strength of 30,000 
рад. 


4. Torque Required to Rotate the Coring Cylinder 
While Submerged 


When the platform is submerged, the coring cylinder 
with applied flotation exerts a buoyant force of 565 1b on 
the top plate of the main frame (Fig. III-1-3) through the 
coring cylinder bearings (Fig. III-1-6). The coefficient 
EM !"ctrion for Delrin AF is 0.10, resulting in a tangential 
force of 56.5 1b during rotation. If the force is assumed 
memact through the center of the bearing surface, the 


mesulting torque required to rotate the cylinder is 791 in-lb. 


ПИРА ЗЕТОМ CALCULATIONS FOR THE MOTOR BOXES 
The Motor Boxes are used to provide power to the instru- 
EI CdPive assembly and the coring cylinder. Since the boxes 


are constructed from commercially available components, the 


n) 





Mein design problem is fitting the pieces. The calculations 
show the acceptability of the chosen gears. Each box is 
designed to be oil filled and pressure compensated. Windage 
and friction losses are neglected. The loss in the instrument 
drive box is small and the coring cylinder box is over powered 
enough to compensate for its losses. The main criteria for 
design are expense and ease of assembly and maintenance. 
mpesien of the Instrument Drive Motor Box 

The instrument drive requires 3/4 HP to operate under 
design load (Sect. A-7-d, APP. A). A permanent magnet field 
de motor was selected on the basis of its desirable weight 
size. The motor (Fig. IV-1-1) provides 3/4 HP at 1140 RPM. 
Me drive train consists of a bull and pinion arrangement in 
order to reduce the output speed to 190 RPM. The ailowable 
tooth load for the gears shown in Fig. IV-1-1 can be calculated 


from the following equation [8, p. 366]. 


с, b y 
| UE oS (537) 
5 Kr Ра 
where; 
F = tooth load (1b) 
бу - yield strength of the material 
steel - 30 x 103 psi 
caste Iron = ох 103 Ра 
ВИЕ РОСА ава Kin.) 


y = Lewis modulus [4, Table AT-24] 
20° pressure angle, mid tooth 
16 teeth - 0.503 
96 teeth - 0.752 
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Ра = diametral pitch (in^l) 
16 teeth/1.333 in. = 12 in”! 
96 teeth/8.000 in. = 12 in”! 
Kp = 1.7 (8, p. 366] 


The pinion gear has 16 teeth and is constructed of 
steel. Applying equation (37) the following results are 


obtained, 


0 а ОСО 20) 
е 7777 


кї] 
| 


740 1b 


Applying equation (37) to the bull gear, 96 teeth and 


Meee 1ron construction, results in the following. 


_ 12 x 10° (1)(0.752) 
5 Ша”) 12 


442 15 


"ij 
| 


ШТО Топ пр equation, derived from the typical horsepower 
S LO, provides the tooth load required to transmit a 


given horsepower. 


5 е 
РЕ. 9х 107) (38) 


M ND 
E p 
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where; 


Коши tooth force during mesh, tangent to 
the pitch diameter circle (lb) 


HP = horsepower to be transmitted 
N = RPM 
шашы ten diameter (in. ) 
шосе; 


HSE tlon can be applied to either of the 
meshed gears with equal results. 


Applying equation (38) to tne pinion gear, the follow- 


ing results are obtained. 


ИИ О [5 (3.96 x 102) 
M^ -7(1110)(1.333) 


62.20 1b 


кт] 
| 


This represents a safety factor of approximately 7 as 
memoared to the allowable load of the bull gear. 

The bearings selected for the drive train have a 
Satety factor of approximately 10 and are expected to operate 
meme cone life of the platform. 

D Design of the ME Gy linder Motor Box 

ле coring cylinder requires (791 іп-1р to rotate at 
Ши RPM (Sect. C-4, APP. A). The power requirement, with 
EE ety factor of three, is 0.009 HP. The output shaft of 
шаси мобог бох rotates at 1.929 RPM. The torque required, at 


mae OutLput shaft, to transmit 0.009 HP is 300 in-lb. А 
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EEemanent magnet field de motor rated 1/12 HP at 2500 RPM 
drives a four stage gear train of uniform reduction (1:6) 

per stage. Since all gears are uniform, the critical mesh 
Шек tne output reduction. Due to the chosen motor, the 
maximum loading would occur during adverse operating condi- 
tions, such as when the coring cylinder is nearly locked, 

when 1/12 (0.0833) HP would be transmitted through the gear 
train. Applying equation (38) to this, the tooth load 

(ТОШЕ the torque limiter would be 726 lb. Applying equation 
(37), the allowable tooth load is 265 lb. This represents an 
allowable output torque of 995 in-1b. A torque limiter 
setting of 900 in-1b provides an additional safety factor of 
3.0, relative to the required torque to rotate the coring 
тег, апа а саГесу Гасбог of 1.1, relative to the allowable 
tooth load. An output torque of 900 in-lb represents a tooth 
шоай ог 240 1b. 

Should a stronger output stage be desired, the gears 
can be replaced with 14.59? pressure angle, 12 pitch, 0.75 in. face, 
gears with 15 and 90 teeth for the pinion and bull respectively, 
Browning No. NSS1215 and NCG1290. These are readily available 
and will provide the same gear ratio. The allowable load for 
this gear set is 458 lb, providing an allowable output torque 
тло 11-16. This provides for a safety factor of 1.7 
relative to the allowable tooth load, when the torque limiter 
ШІ зе: аб 1000"71п-15. 

The bearings selected have a safety factor of approxi- 
mately 3 and are expected to operate for the life of the 


platform. 
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3. Justification for the Design Procedure 
Prudent gear selection techniques require the calcu- 
lation and comparison of three basic load limiting parameters 
for sa given gear. The parameters are tooth strength, На 
ШЕП. 37), dynamic tooth load, Ра» ас таге load for 
wear, Fr When a gear is designed such that DE 2 Fa and 


W 


MD. 362-379]. 


F > Fa нака а рвота ае Continuous indefinite service 


The dynamic tooth load is evaluated from the following 


вешасіоп [8, р. 369]. 


Е. NIME, i (39) 
where; 
600 + Ум 
К = 
600 
Ум о тел ll ine velocity (ft/min) 
Ру - from equation (38) 


This equation increases the load due to the power 
being transmitted by a factor dependent on the pitch line 
velocity and the accuracy of the tooth profiles. As the 
pitch line velocity approaches zero, Fa approaches Ем. 

The limiting load for wear is given by an algebraic 
ExuStion presented by V. Faires [8, p. 378]. It wiil not be 
given due to its length and complexity. n is dependent on 


E urecanglte, gear physical dimensions and properties, апа 
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Шишо оспе gear set. The result is the limiting load for a 
gear to operate indefinitely under varying service. 

Since the motor boxes will not be required to operate 
mUefinitely, under normal design qualifications of indefinite, 
шае limiting load for wear was not considered in the design. 
Border to accumulate I hour of total running time on the 
EE. the platform would have to be lowered to the sea floor 
at least 10 times. This represents a miniscule amount of 
wear when compared to the life of the platform. 

The dynamic load criterion was also neglected when 
comparisons with the results given represented no change in 
С ассиа!і design. The factor, K (eqn. 39), for the instru- 
ment drive motor box is 1.663. This, when applied to Е» has 
the effect of reducing the safety factor from 7 to 4. The 
IN tor. K, for the coring cylinder motor box is 1.006, This 
would increase the load required to transmit the power by 
for. Under conditions of very short service, the tooth 


Strength can be less than the dynamic tooth 1oad [8, p. 379]. 
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APPENDIX B 


Engineering Drawings 


Mee steilowing drawings are, for the most part, accurate 
КОО е drawings of individual components of the individual 
systems of the platform. Some liberties have been taken in 


 Шепсіспіпр, Scaling, and general drawing practices, 
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FIG. I. INSTRUMENT DRIVE ASSEMBLY 


145 





520 


06 pA. 2 





MATERIAL: 
ALL DIMENS/ON S а Аа 
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FIG. I-3. PIECE I-3, INSTRUME 
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MATERIAL: 
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END CONNECTORS ARE IN INCHES 





— е, 000 
0,05 


<== 





e REQUIRED 2 RECTANGULAR BARS 
MATERIAL: PE Tol G6, OOXLSOx[.00 INCHES 
Boers PIPE FULLY WELDED TO 
-6061-Te AL . PIPE 





ШЕШІНЕ T] 7] РТЕСЕ5 ІІ-3-1,3, SIDE CONNECTORS 


E 








4 REQUIRED 


MATERIAL: 
8-44 PIP 


606{- Го А 


Шта 113-2, 


ALL DIMENSIONS 
ME MUERES > 
ТОГЕЛ 2492010 


ASS ее ъв CONNECTORS 


12 





OF CUR SE (G IL-3-4 
THE CUTTIN PATTERN 


4 REQUIRED | 





ALL DIMENSIONS 
ARE IN INCHES 
TOLER, 0.0] 





‚64 


MATERIAL: 
8-94 Р/РЕ 
£O65/-T6 AL 


МОНЕ 11-3-3. PIECE II-3-4, SUPPORT CONNECTORS 


Ше 





NHHLLVd ONILLO02 
*HMOLOSNNOO LHOddNs dO NOILOSS TIVILNWHSAIWÜOHIO 0087 74-6-ТІ O Y 


SIH2NI N/ 
'N3HIO WIV 
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CH %2 8 











at $“ PY 


$o 





A REQUIRED 


срина 
СНУ ТЕРЕ, 


ЕТСОВЕ 11-4. LOWER MID-SECTION 


1275 


re 1 












R 2 RECTANGULAR BARS 
ЕП IPE 93.00x 1/.50x .OO INCHES 
606/-T6 AL FULLY WELDED TO PIPE 


НЕСЕТЕ T 


О TV ESTO 
AKE IN INCHES 


ША 200] 





30.000 
10.05 





PIECE TL-4 -2 E 


+.00 КАБ 400 РАО 





MATERIAL: 
ZB RECTANGULAR BARS 4. REQUIRED B-Va PIPE 
 ООх 150x100 INCHES 606/-T6 AL 
ДИУ МЕГ СРЕО ТО PIPE 





ENSUBECII-H-1.  PIECES II-4-1,2 
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ЖЕСЕ 1-1-9 





| 
НС | 

ARS 
H 


CE ILE-1-4 | 


DUGURE Ill=1, CORING CYLINDER 


Ls 
-2 


i 









Е РИ 


PIECE IIL-£-$ 


а t ' 
[mI SENE uml 
nn 


коеун зе AAA A DD NOAA ае) 





: SECTION DOES NOT SHOW 


CORE GUIDES BEYOND CUT 


е 


ВЕ 111-]-1. SECTION A-A, SHOWING ASSEMBLY OF PIECES 


4-4 4-4 Ww 


tt 
— 
Со 








г” 
/ 
-F 
N 
\ Rx 
—. 
Ж ALL DIMENSION 
X ARE IN INCHES 
РА TOLER. +0.05 


EN 6061-T6 AL. 


pv < MATERIAL : 
ж Va” FLAT PLATE 


3 REQUIRED 


e 111-1-2. PIECE 111-1-1, END AND MID SECTIONS 


ШЕ 





COLA 





ON 
8 REQUIRED 
ATERTAL : 


192 ©, PIPE 
_6061-76 ALUN/NUM,_ 
OR  3'2x« 34 PIP 
EXPANDED TO 3.55" ___ 





PRGURE XII-1-3. PIECE III-1-2, CORE GUIDE 
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СЕ 1 - і 
KEQUIKE5- T£ £A 
10-20 80675, ў IN 
БНАМК, 6 061 - А: _ 
A= 
PRILLED AND 
IAFPED 14 -£0 
6 NOTCHES 
VENLY SPACED 
о "O ZO ze 
“USE AN GPOYY_ 
_ГУРЕ СЕМЕМГ. 
2225. TO ATTACH _ 
ШЕ? ЕБ 
0,250 P/A 
0,250 DIA_ 
09| | „260 
IGEROCKEE KELLER 
& REQUIRED 
6.958 _ 
MATERIAL: 
я“ PLATE, 6061-76 AL 
.PiECE TO BE COLD 
(аве ROLLED D TOA CIRCLE 


25,00 = —0.10 (^ O. DIA. 
ALL DIMENSIONS ARE (М 
INCHES, TOLER 40.010 | 


з * m у a тоа “г E ING A `T Ода 
ENEUSSOIIT-)-4. PIECE ilI-1-3, UPPER BEARi: AND DRIVE 
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ЛОКМЕВ ЕВОМ СА 6001-1 Б 
lec DNO e5x 3 DON T7. 75 

INCHES, COLD ROLLED TO 
SHARE. "PULL yY WELDED TO 


РІЕСЕ 111-41-41 









FIGURE III-1-5. PIECE III-1-!, LOWER CYLINDER BEARING 
SUPPORT 


we 








mAs | ~ 45" 


y 4. ВЕСО (ВЕР 


JOINT SECTION 
MATERIAL: 


DELRIN AF OR 


EQUIVALENT 


ADE UP OF SMALLER 


SECTIONS IN ORDER TO 
CONSERVE MATERIAL- 
SEE ABOVE JOINT 





TO BE FASTENED TO PIECES] 


DIA Sr ЕЛА | 
TOP ANO BOTTOM OF CORE 
CYLINDER: USING AN EPOXY 
TYPE CEMENT. CENTER OF 


BEARING IS ON Ф ОЕ CORE 
CV LUN PER 















БОВЕ III-1-5. PIECE III-1-5, CORING CYLINDER BEARING 
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АТТА © INSIDE OF 
(ЕСЕ IIL-1-4 USING A 
EPOXY TYPE CEMENT 






_PIECE IL-1-6 


BOTH PIECES TO BE 
ON ВИСТЕО OF DELRIW AF 
SHEET O.15 IN, THICK - 












ATTACH TO OVTSIDE OF 


PLECE TT -1-3 USING AW 
ЕРОХУ ТУРЕ CEMENT 





ШО к= III-1-7.  PIECES III-1-6, 7, 
UPPER AND LOWER CYLINDER B 


ГІ 

"> 
20, 
H 
2 
Nn 
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© PIECE TIT ЕВА. 


РЕЧЕ ПТ-2- Ф МІ - 2-57 





EA 7 v 
| TANK_BOTTOM 15 Бе С | 


FIGURE III-2. BALLAST TANK AND CORE CYLINDER SUPPORT 





PICCE TO BE FOLLY 
WELDED TO INSIDE 


OF Г ЕСЕ TID S E. 





ЕРТАТЕКІДІ; | no” 
EU PLATE . 0055 
6061-76 Al - 


ВЕНЕ ІТІ-2-1, PIECE IÍI-2-1, BALLAST TANK END PLATE 
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Е 
РВ- 1“ DEEP.— YVA"RAD. 


(A AT 609 SPACIN 





PILECE 


III-2-2. 


FIGURE 





MATERIAL: 
404" BAR — . 
606/-T6 AL 


BOTTOM VIEW 


I 
i y! 
а! ў |! 


ПЕ. а | 


4 
| t 
! 
777 
=} | | 
син, | 
-- — u u J 
== | | 
з 
à 
mu | | 
— >= >= > шь amd | 
now И | 
о ^ 
3 
ME od 
- е=Е‹ | | 
' | | 
= i 
ana | | 
NE 


AAA AA 
WELDED TO PIECE IT-2-I 


HUNC C Oo ADB ON AND VENT BLOCK 










MATERIAL: 
Шан PLATE | 
ED STEEL 


ZEREGQUIRED 


CONNECTING FLANGE FOR 
ЕСЕ ШЕР Б 


20.05 
MATERIAL: 
NORMAL GASKET © Ө, 
ORO THICK 
2 REQUIRED © (x) 
© 
р 


GASKET FOR 
PIECE DI-R-6 


Ф © 











PATTERN OF 6 BOLTS 
CENTERED ON A 


RADIVS OF 1.25 IN 


AND SPACED AT 60°- 
HOLE DIA.18 0.60I1N. 


NC Lal 0.05 













HOLE PATTERN 
SAME AS ABOVE 


HOLE DIA.IS 0.50“ 
TOLER +0.10 


FIGURE III-2-3. CONNECTING FLANGE AND CASKET FOR 


РТЕСЕ 111-2-6 
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77 


ОЗО a 
LORO 
MATERIAL: 
их? “ PIPE 
роб! -Т6 АГ 
SPECIAL ORDER 
LOCAT/ON OF To 
OF PIECE ЕСЕСІ 23» ---- 
iz O 
TO] 





BIGURE III-2-h. PIECE III-2-2, BALLAST TANK CYLINDER 
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T 


РАП 
20.05 


A: 
ЖЕ PLATE 
GO6/-T6_AL 


IH IRE III-2-5, 





so 
= O. O S: 


i 
| Peace 
РЕСЕ ЛЛ == 


| 


PIECE TO BE FULLY 


WELOEDTO PIECE 
ITU-R- R 


POT E a O LINDER SUPPORT PLATE 





MATERIAL: 
5.00xl4" PIPE 
606/-T6 AL 
COLU ROLLED PER 
FlG IIL-2-7 








DUGUSE III-2-6. PIECE III-2-5, LOVER CORE GUIDE 
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Fx” PIPE PRIOR TO 














CURVE NOT EXACT- 
PROCEDURE - LOCATE 
POINTS AFB ON 
PIPE AND USE A 
FLEXIBLE STRAIGHT 


EDGE ане 
CUT BETWEEN THE 
POINTS 













ВОВ ITI-2-T7. BLANK FOR PIECE 111-2-5 
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Ë+. O O "оде 


DO 
1,00 
OF END © O © © © MEL 
PIEC п e туы 
: © © © © Q ms 
(«а t 4.00 4,00 «Хе DO Qo | 1.00 | 
т D PIECE 
O HOLES 
_4 REQUIRED ` 0,60" DIAL. 
MATERIAL: 


END PIECE 
BREQUIRED 


MATERIAL: 
Ye 47 p] ATE 
606/-Т6 А! 


FIGURE III-2-8. 





AL. ASSN. STD. Т-ВЕАМ 
GX4IN- 4.672 LB 
CAIS ENITO 6OGI-T6 AL 
E Urt кыса 
ELDED TO 
L-BEAM 


ALL DIMENSIONS ARE 


IN INCHES-TOLER.*O.Ol 


РТЕСЕ 111-2-1, FRAME CLAMP 


293 





PIECE HI-3-1 Ө 





_8 CORES REQUIRED _ 


IMEGURE LII-3. СОКЕ 
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© PIECE 1Ц-5-7. 








STEEL PIANO HINGE, 


REMOVABLE РИМ. = 

IME, +В 20.13” 
COE A 
FIG IE - 3-2. 


DIMENSIONS FROM _ 
ЕЕ сао го 
САА СЕЕ аР TO. 
BEREORNEAINVOUSLY 
_WELDED ALONG __ 
SURFACE NOTED AND 
OLD FORIME DTS 


COMPE WITH CORE 
SURFACE 









МАСНИМЕ 
PRIOR TO 
SPLITTING 


D/A DIA 
SECTION A 


MATERIAL: 
EN AE 
MILO STEEL 


" : SPLIT ALONG 
— | CENTERLINE 


| pers“ 


ERE 111-3-1. PIECES III-3-1, 2, CORE BARREL 


Ls 
LO 
л 





POINT A 


MATERIAL: 
Ix[” BA 
LORO STEEL 





8 REQUIRED 


WELDIN & 


ALL DIMENSIONS ARE OITA 


PINCHES, TOLER, 10.02 





FIGURE III-3-2. PIECE III-3-3, LIFTING BEARING BLOCK 
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MATERIAL: 
1020 STEEL 


8G REQUIRED. 





ВНЕ III-3-3. PIECE III-3-4, BEARING RETAINER 


1o 





S/8-18 UNF BOLT 
K-MONEL , 1.5 WV: 


LONG 





LIFTING BEARING 
"BADIAL BALL TYPE 
ЭКЕТИСООСЕ z 


PRIE CE Tr 3-5 


peo == mÓ е 
eno = О 











ШЕШ ЕЕ ТТТ. 3-4. ASSEMBLY OF LIFTING BEARING AND BLOCK 
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V2 -2O UNF BOLT 
0.50" ГНЕЕАРЕО 
SHANK, 13/64 “ 


DIA, VENT HOLE 









LONEN AT 
PARTIAL SECTION THROUGH 
VENT. 


ALL DIMENSIONS 
ARE IN INCHES, 


TOLER 0:0095 


MATERIAL: 


BAR STOCK 
LORO STEEL 


B REQUIRED 


EACH PIECE REQUIRES 
& RW'"x Vs" O-R/NGS 





си Ше TIT=3-5. PIECE 111-3-5, CORE PISTON 


l 





ALL DIMENSIONS 
ARE IN INCHES- 





OLER + О. Ој 


BOLT HOLE PATTERN 
ТО ВЕ КЕВКОРОСЕО 
рими м5 Г. BLOCK, 
аша 2-7, 70 ВЕ 
USED. 


O 00 
КАР У 


Са 


9 © 


7,60 3.00 | CENTERLINE 
10.005 ”, | OF CORE 








7.50 оо 
30.005 | | ААР, 
| 50 er PLATE 
E 606!-T6^Ac. EE AL 
RIGHT SIDE OF CENTERLINE OF 
INST. BLOCK IN SCREW _ SHAFT OF 
1 — ANIT ORIVE С. 
ENCURE III-4. PIECE III-J-1, INSTRUMENT DRIVE 


CORE CONNECTOR, VIEW FROM CORE 
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во“ /, so" 
uk A] noo" 


^ 
4 
I 
1 = = = + ~ 
P ES pr 
A у А 
0.50” 
RAD 
| 
| 
Pon "d 
i В 
Loo” 
(AD, a 


— 3 = ш =  — = 





SECTION A+B 


DEGUBECIII-U-1. PIECE T1IIS4=1, SIDE VIEW 
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оо 


MATERIAL: 


ШЕР DIMENSIONS O.20 THICK SHEET 
ARE IN INCHES DELRIN_OR EQUIY: 


МОРЕМ 20.005 


FIGURE 111-4-2, PIECE III-4-2, INSTRUMENT DRIVE — 
CORE CONNECTOR INSULATOR 








| МАТЕЈА: 
175x100" BAR 


434" LONG — 

COLD ROLLED 

NOAA BE. 
6061-T6 AL 





^ DESISO OUT S1 У 
OF ABOVE PIECE 





БИН ттт 5-1. | РТЕСЕ Gii-5-1, CORE CARRIER 








BOTTON VIEW OE PIECES ` 
D o e AO NG UAE- 


MENT. OF SOPFOATS 


MATERIAL: 
LOL L AL 


ee 


Б мееце 


WELO TO OUTSIDE 


SURT CLE OF. x 
ГЛЕ СЕЕ оте | 


КШШІНЕ І1ШІ:5-2. PIECE IITI-5-2, CORE CARRIER SUPPORT 











TPE De 


А 


=ч! 
Ыз 





! 











OSEE NUN CES. = о 

E D DD M 

ч eT 

й = ~ 

H RE ў 
ЧА 
ду 5 
Хач > 
ГАМ = г 

7 5 е < 

ДА HR. 5 
dA. E E 

A 

SEES SES 

TG 


| I^ 
72222222222 ааа 


OF 


- 
Y 


CROSS PO EOT ONTO T UPEFR T FRORTIO: 


FIGURE III-6-J. 


у JOE 


CORING DEV 
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NZZ 


DERSELORTION ОР 


DURING INSERTION 


È 


Ne 





OSO 


N 


Y Ae Z; Z 


< BR EZ лая 


ES a e ACT 








Y 
| 
a 
d 
al u VIX TO 
< / N lo 
{ Z «4 ғ ~ | 
à 5 ; ш 
> о + 4 м | | 
x 5 4 A ANA S 
HN < 
см, o | И l У 
N а NAHEN: 


777777727777777777777777777777277 ЖАҒА 7772 ДЕСЕЛЕ 


СОЗЫ Eo ION Or LO 


COIN DE 


FIGURE III-6-2. 


Dus 
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INST. DRIVE FOR СОК! Ма 


BENEATH P! 77 - 1 ~ 





- a» A = = ы «ә е ~ «4 


> ---- -! 


PIECE IZ-1-3 5 


TALL DIMENSIONS 2 
ARE IN /NCHES 


ШОБЕХЛ, 2 0,05 


ИЕГЕР ІІІ-7. CUT REQUIRED IN PIECE II-1-3 FOR 
CORE REMOVAL 


20 





PECES IX-1-8 







Г 
ғ, 


ЕСЕ AR 
BULL EAR 
Bm HEARING 
й 
4 


HUECAS TV IEL 


SS 


PIECE IY-1- # 


ЕССЕ 1-5 


РС КЕ ME 
ЦЕСЁ ІК-4- 6. 


COVER 
PIECE ЕЙ 


Mearns ТУ-1. INSTRUMENT DRIVE MOTOR BOX, WITEOUT COVE 





OIL FILLING VENT 








AND PRESSURE 7B INCH SHAFT. 
COMPENSATION COZ Orn EEL COLD 
DIAPHRAGM ROLLED SHAFT 
ATTACHMENT /0 INCHES LONG 


Les” 


PINIDN — 

20° PRESS. ANG. 
[2 PITCH 

I” FACE 

16 TEETH 
SPUR GEAR 
BOSTON GEAR 


NO. YD16 BEARINGS- 
SEALED BALL 
B ANG | ae. Mater ы "NES = 
, ° ва О Sn 
OHIO ELECTRIC с ре 0 
K. —— Sa HP-I/T0RFIT- ET s 
Шу = || 205265. r 
SPUR GEAR Ž MIOUNT, FRAME ва => 
BOSTON GEAR ИЕ ОВ — 


А0, У096 | PERMANENT 2 
ЕЕ MAGNET FIELD 





POWER CABLE 
HOSE FITTING _ 


ШОО ОКЕ 1V=1-1. INSTRUMENT DRIVE MOTOR BOX, WITHOUT 
COVER OR PINGES вене 


e 





3.559 





+0.002 
0.003 
Же 
32.003 
p Soo. сер 


еў Ө) 30.002 





MATERIAL: 
Ya” PLATE 
606/-T6 AL 











ALL DIMENSIONS ARE IN 
о. TOLERZO, O10 - 
ОСЕ TOLER 70.008 


EXCEPT HOLES ECF 


Од PORT 





CURE IV=1=2. PIECE IV-l-1, MOTOR MOUNT PLATE 


ОД 





SEA oc BE PRESSED 
INTO OUTPUT SHAFT 
MOLE TROSTEL NO. 


Ene 2' ч т 
06-885-132-056-0+ 


500 





275 мејћ 575 
0.006 | 30,00% 





ALL DIMENSIONS ARE MATERIAL 
IN INCHES, TOLER 2,010 -/ж PLATE Y PIPE 


6001-76 25 _ 


FIGURE IV-1-3. PIECE IV-1-2, TOP PLATE 


Ze 





5 


20.000 


PIECE п7-1-3 
SAITE WITH- 
-OpT НФАЕЗ. 











MATERIA: 


ALL DIMENSIONS ARE ПИС ТАТЕ ` 
IN (INCHES, TOLER .210.0(0 6061-76 ДІ 











FIGURE IV-i-4. PIECES IV-1-3,4, SIDES 


elie 





AAA 
RW" LoNG - 
WELDED (MT. 
АЕ 


500 





LL DIMENSIONS ARE 
IN INICHES, TOLER.2O.0/0 








ВА СС 
J^ PLATE TPIPE 


-60е/-7е АД 








ВОВЕ IV-1-5. PIECE IV-1-5, BOTTOM 





+ + + ++ + + + + + + + | 
Z 





т + 
+ + 
b + 
+ + 
+ + 
+ + 
ш + 
+ + 
+ d: 
t t 
t t 
+ + 
Sic HOLES, O. 302"D/A., 
t DRILLSIZE N, EVENLY * 
SPACED AT 1/4" AS 
T SHOWN, EXCEPT WHERE + 


OS г... 
NOTED. 
= + 
+ + 


ELEME и a 


B" uu == 








MATERIAL: 


LL VIMENS/ONS ARE | NND AE 
IN INCHES, TOLER.10.010 606/-T6 Al 


FIGURE IV-1-6. PIECE IV-1-7, COVER 
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е ў” 
e фи: 


+ 
: 
L 


HOLES ORE 
E EP FOR Y4-20 UNC | 
THREADS, PATTERN OF. MATERIAL: 
О а 344"- EQUAL ANGLE 
A.A. STD. 
b06/-7T6 AL 
BEACH, L = 14.500” 
ЕДЕН, £ = 21.500“ COLtS fo OC CURE COVER 
RECOMMEND MOLOED 
NYLON 604.75 WITH HEX 
е сы те HEADS, GRIES NO. 74-40 
PIECES TO BE WELDER. UNC ~-HEX-NYLON 2 VSE 
„то oors/DE OF BOX- | A SILICONE SEAL BET- 


SEE FIG -1 WEEN PIECES TY -1-84 Y. 


MATERIAL: 
£0,000" Va” PLATE 
‚Ol 
$0.0 К 


PECAK- i-e 


DUNURE IV-J-7. PIECES IV-1-6,8 
BACK AND RETAINER 





5.000 


REPEAT HOLE 
PATTERN ON 
THIS FACE 





ODED TO OFFSET 
B О 








' 
I 
1 
i 
_мотре Вох ом _ | 
ERRE PRIVE | 7.000 
l 000 
14.000 
| 
| 
1 
ње 4 
"6: 
4 | 
4 HOLES/ | 
QÍ7E DIA. | 
sc 
| 
1 
і 
MATERIAL: 
/ Б EQUAL ANGLE 
AR А ТАСА ЭР. 
TOLER 20.010 | COl 7G AL 


FIGURE IV-1-8. PIECE IV-1-9, MOTOR BOX OFFSET 





CHAIN SPROCKET 34% 
PITCH, 3S TEETH 


BROWNING = 55855 






PITCH, 22 TEETH 
BROWNING * 35822 


Bye PITCH, SINGLE 








TRAND, (OG PITCHES 


— 2 
MUNT 
EU [x] үе де) Е 
201252006) 
ШЕГІН | 
SPROCKETS MUST INST. 


C BORE O 7 | ORIVE 
S/2F, BROACHEO __ Е FRANE 


Q 
A 
9 
X 





EOR КЕХАМО ВОКЕР 


ANG TAPPED FOR 
24-20 SET SCREW 





meee eee = 


FOR TORQUE LIMITER 
ПРАСЕ SMALL 

W OCKET WITH 
BROWNING NO.S 
725) сұ» 3572625 


CHAIN LENGTH 
ШОБ F/TCHES, ALSO 
REQUIRES IPLER 
AOS ATNASHNISBIS, 
DONT ON TOP OF 
MOTOR ОХ 








FIGURE IV-1-9. CHAIN DRIVE 


e 





| Зана 
14-32 ° PRESS. ANG 
/6 PITCH 
Ve" FACE 
go TEETH 
SPUR GEAR 
BROWNING WO. 
MSS 1620.4 EA. 


C GEAR 
14%° PRESS. ANG 


700 








NS "PITCH "T 

лс; д 

120 TEETH 

SPUR GEAR Der, 

BROWNING NO, = 

NCS 1/6/20, + EA. і 

12.09 

C-SEALED BALL 

BEARING-FAANGE 

MOONT, 4 BOLT, те 

BROWNING SERIES 

28200, 578" _ PIECE A3 

SHAFT, B EA 

c 77 

nr E DEMOS 

L > лу; 7 Qu ERROLA!C PIECE IV-2-6 

POLISWED | à 2 H#HP-2500 RPM 

- 280" LONG -3EA.- QDP, £6C-FACE ° 

16.00 LONG-1EA. MOUNT. FRAME дс 
NEMA A-42, PIECE IEE Z 
PERMANENT COVER 
MAGNET __ ПЕСЕН 210 


FIELD 


SEE APPENDIX A, SECT || Piece IY-2- 4- 


D-2 FOR OTHER 
RECOMMENDATIONS | 12.00” —— 
9.00” DEEP 


D- TORQUE LIMITER 














GEARS MUST BE REAmED TO A S/TOO7T #77 ОМ BROWN/IMG ме. 7357, 
THE SHAET, BROACHED FOR A 26759. кеу, А//0 GEAR, SPECS. OF "BS 
DRILLED AND TAPPED FOR A Ya -ZOUNLC SET SCREW. BROWNING NO. NCG- 
SHAFTS MUST GE MILLED FOR A A6" 59. КЕУ ___ (6/20, BORED ANO 
ENLUS AREA OF THE GEARS | MACH/WED TO Е/7 
TORQUE LIMITER 


В То. COREL ENTINDER КОТОН BOX 
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2- а PIPE LE" LONG 
WE 


[2.500 





2 ет Я SEAL TO BE PRESSED 
INTO OUT PUT SHAFT. 
HOLE, TROSTEL МО, 
"03 BRE -/00- 040-08 











MATERIAL: _ 
L PIMENSIONS_ARE LA PLATE Y PIPE . 







M INCHES, TOLER. 20.010 6061-76 А4 


CURE IV-2-1: PIECE IV-2-1, TOP PLATE 


no 
с 
NO 








Qa se 
5) a uaa: dam 


.063 
22,09 6 30.002 
4,620 


MATERIAL: 
[ALL Dimensions ARE | Va FLAT PLATE 
N_ INCHES TOLER.20.010 6061-76 А! 


3 ВЕС О 





ESGURE IV-2-2. PIECE IV-2-2, CHANGE GEAR PLATE 











Les} 21 
0.00 10.002 
DIMENSIONS 2./2 d Aue £ 
ARE IN INCHES SE y que 










MATERIAL: 
->,+0,0 5ь5 ОО ..2.500 Ja" PLATE 
E o 6001-то АТ 


27.1520 SOO 
| 


FIGURE IV-2-3. PIECE IV-2-3, MOTOR MOUNT PLATE 


№ 
г 
E 





СЕТИ. 

SAME AS PIECE | 
LZ-g.-5 w/o 

PIPE OR HOLE 


PECEIV-2-4 
Ve PLATE СОТ 


7.00OX 12.500 





1he-V4 PIPE, | 
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APPENDIX C 


Compensation Program 


Тре compensation program provides accurate information 
ШІ сепсег ог gravity, center of buoyancy, weight, volume, 
buoyancy, and density (specific weight) required to compen- 
sate the platform. The program will take multiple data sets 
to provide information on various components during a single 
execution. 

Each data set inputs density, volume, and center of 
gravity and buoyancy of individual subassemblies relative to 
ВЕС Of coordinates in order to generate the required 
information of the assembly relative to the same coordinate 
set. Each data set is totally independent. This ailows one 
ee ecin with the smallest components, such as bolts, 
Mearines, fabrication pieces, etc., and incrementally build 
to higher order assemblies; and finally, the platform in 
hovel. The output of a data set can be directly used as 
input in another data set of higher order assemblies. Care 
must be taken to comply with changes in coordinate systems. 

Е олоп is a description of the individual cards 


of a data set. 


Cards 1 ~ 5 Title cards 


Се 1 - 80 Па set, include 
Coor ее. попе lor reference, 
FORMAT (20A4) 
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шага 6 


Col, 1-2 Number densities to be used, (N), 
FORMAT (I2) 


Cards 7 - (7+N) Density Cards 
tol. 1 = 10 Density or pseudo density, 
FORMAT (ЕТО. 8) 
Col. 11 - 46 Name of material of subassembly, 
FORMAT (9A4) 
шава (7+N+1) - (last-1) Subassembly cards 
py. 1 — 36 Name of subassembly, 
FORMAT (9A4) 
Col. 37 - 38 Blank 
Coi. 39 - 40 Density number, order of density 


Cards derermimes аце 
EORMAT (I2) 


fol, 41 - 50 Volume displaced by subassembly, 
FORMAT (F10.4) 
for, 51 — 65 Center of gravity of subassembly, 


coordinate locations in x. yz), 
FORMAT (385.0) 

Col. 66 - 80 Center of buoyancy of subassembly, 
coordinate locations in У.) 
FORMAT ВЕ 0) 


Para (last) 
Mel, 1 - 4 Usen CO? vais data sens 


followed by another intended for 
execution ruse “STORY if this is 
the last data set to be executed, 
FORMAT (AA) 

A maximum of 20 Density Cards can be used with this 
аоргат: а requirement for more than 20 cards can be met by 
Banging the dimension statement. Any number of Subassembly 
Cards may be used. The execution of these cards will continue 
Ши а "STOP" or "GO" card is encountered. Consequently, the 
ШІГЕТС Гопг letters of the name of the subassembly on the 


ENoSssembly Cards cannot include "STOP" or "GO", А11 dimen- 


шашы оГ the program are in inches, pounds, and seconds. 





O + 
e Un 
x e 
оо Z 
N O 
= Q 
- ш 
za 9 
E <1 
са x = 
со be 
x < - 
e > “9 
== = О 
са = > Pad 
— =” “0 > да) 
сб “0 e хо © 
x - c > а 
г = II > - 
~ N та C У > 
о О > 2 Q 2 
` e — со 27 LLI 
= — = ~ - I 
uJ 7? = - > с) 
СУ ~ = са x = 
= ~ ~ ~ = N 4 
~ => энш? e c ~ 
== ~ e == | ` LL) 
4) -- J O -4 - (Y. 
me сш O > e > < 
= С) > e == N 
U) — «а е e O -4 =J м 
~ м ON YO © ~ со N = © 
9 е“ C e ~ o ~ ФО ~ x о а = 
~" QA e met «DN Qo ~ N ш Y) 
x о N м N го ~ - > = z 
~ | им ~ ~ eNO rd ~ шо < ш 
~ о м • Z+ — be I NOR = 
Ov = = — lum IO = - б, 4 
= М, — Ox TIO ~ = ec) u O 
Ur б. м м Zo ~ (9 — u JD O 
= С) ~ tu ~ 2 ~ О -> О - 
«ч к us.) бу 7УО ~ — t ~ >> > = 
=z ©) y ~ Су о ~ а ~ Yi ~ VA |- < 
= m | => W~O м >] к —) ~ eO - 
т e = — Or м Sf = О ~ be (7 х 
O ~ LÀ Z = {ON > UZ VV ро Z e% 
~ = | ~ > и N Ф“ | e UD) > Wee UJ SH 
= ~ + Су — Ф (Ф «ага + ғ >. = ~ ~ % (=) <I „> 
= өсе Po — — ко ғ == GOGO 252 “~ М e U mwm _} - Oe 
W Оса MIN HNO 2. O) O wm (Мо о ом панно оч ~ СР 
ORGO о о мо мос 0 6. > ew .ЖО VU е-ч .+ ООФО • X eO 
we СУ e [4400 О МО ОС Зе Ze +e KF HO ў «ыч НО ЛО N хе 
2 ОМ «ч SOM Watt ез І NNO set С. П ЗЕ Н —J + O -J II — I! Мое О 
ONO *O Н Онч ес ЗС е «СО СУВОМ РУСО “ОС m < += =— DON е СА 
mm (DOD Omo ° «ООО е “Оо “Мы С“ з01> V. VO OOZ OUN =< — 
um OD е WE ee NY O) UN e NA EE UENO VO Hw ге II O IIZ2&— (Z 6-1 


722) ши ООм~ноОмцјијијм СУ ме ИЈ ДА КО il O О о ДО ПО ОШ ЈОД ТД 


ATC*1') 


шы LS rt ZH OER |) О О БОЛ ТЕ > І! За Ме Ога ны > 
=, tothe О ~ |] <T = <( <I ПЕС “М rt DO я mt а et лес = CY. 
ч < СК > -< Q > ССЭ) -Ú Cr. - - LLJ C) LL) Or: лы. ОР. O >. O) D O (9 (92 m rx. X C) K U. O (Z C: ЗЕ СОЈ 
Оооо а ас Оса аа ОО С СО За 0000 3) КД О < 2 = 0. Z= e CO LL UULL LL j LL 


= 4 
r= O rd о о Cy O O o O aT 
© ч © о о о O Oo O O оо 
N = eA м са ~ N O Mr O OO 

~ ~ 


236 





- (QT 

(x >< Ф ~ N 

ше ON © 

— = ц е о 

25 >< ~) ~ 

шо әш U. 

Qe 1 ~ ~ 

> > > = - 

emi = ИИ 

>< = >< 

Qe Xe NW 

ex e « «5 

> 0 RIND 

41 е MO е.) 

> = e *O0 

D> Се rn 

Је e» LL 

С ~ DUO €—J 

>> u.Z= < 

e CO «а || 

~ + - > O 

>< = "O >> 

lay Оде 

ee е OZ е 

= © e <t >< 

ех > XU. >N 

OA ~ ОО > 

zon e DN 

© Ф = (Y СО) "s 

ex DO 2»Ше e 

ZF = Ц. tB eee 

Бе > 5х е 

O> хх SWNO™ 

е (У) (YS TO ec = 

eZ c с “ЦЮ 

XT VO ОЈ = = «е 
wef > e <. О — 
ONO N oli O 
е «У осо и. е 
Ое о О WL} = а 
ч сч C» ere LL. 
uuu th ШО ФН О 
eO e ә jo e 
x x Z eN > xy 
N а Y We Zr ° 
«Шш ~ ШС > m о 
Sader a e» JU) rd 
<< m ——— —< Z U 
OQ w ~ J HOR LW -- = 
re Y >x IN «OO SN 
>< "e C ao eL <, 
СУ о > UID we (О Qe 
m= f >L ON sA Ж е 
N eNNI Oe XLD ~ соса 
ыч e. ON - e OAU Ў «е =O 
ne © em ИЦ Ооо 
УСМ. > eO OO n «Tc 


AN EON Ne eNO MALO e 


"чы? чу ү On us esf |-> 


а ы ы, Г) 


I-II Ер к х= 
тла таста» аљалаааш 


ие Це 2 5 > 00 >> 
СС ОС (9 е С СС СС е СС А ОС СС ОС. OC (0 C 
UL UU CO UL UL OL eL ell LLL UL. 500 Ш 


AN 


OO OOo 
OO ооо 
оо ооо 
nn 2-ға 


MON A 


eZ222H0 


O ANNAN 
о AANO 
O HANAN 
о HANM 


2 | 





The computer output on the following pages 15 representa- 
Me of the platform as shown in Plates 1 апа г. The output 
is shown here only for demonstration purposes and is not 
intended to be used for the ballasting of a prototype platform. 


The output does demonstrate the feasibility of the design. 
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Fae eNO D 


operation ol the Platform 


The following is a narrative of a typical operation cycle 
using the platform. The support vessel is assumed to be 
Similar to the MAZINE D which is currently used to support 
HE сес vehicles SEA CLIFF and TURTLE.  SOPDOSS has been 
totally readied in port and has been tested.  SOPDOSS is 
located next to the submersible on the fantail of the support 
Ship beneath the boom of a 50 ton crane. 

Шроп reaching the assigned operating area, the main float 
Of SOPDOSS is attached to the main hoist of the crane and 
lifted toaposition above SOPDOSS. The four legged lifting 
ШИЙИЕ55 is attached to the base of the main float and 
Esected to the main frame of SOPDOSS. SOPDOSS is unlashed 
from the deck and the crane rapidly raises the platform, 
Eust over the side, and begins to lower the platform 
into the sea. Since SOPDOSS is positively buoyant with the 
С tank empty, the upper portion of the main float will 
КОО wash as SOPDOSS floats on the surface. The crane cable 
15 detached by divers and the 10 ton lowering boom cable is 
 баспесй to the main float with the disconnect to be used by 
the submersible. When all is ready for lowering, a diver 
шшасеедо5 to the top of the platform and vents the ballast 
tank until SOPDOSS becomes negatively buoyant and takes up 
muemolack in the lowering cable. The vent valve is manually 


operated by pulling a lanyard on the override lever. Care is 
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Miren not to vent all the air. Any captured air will be 
compressed as SOPDOSS proceeds downward and will reduce the 
ont of alr required to bring SOPDOSS to neutral buoyancy. 

When the diver is clear of SOPDOSS, the platform is 
МЕСО to the ocean floor. The cable tension will increase 
as cable is payed out due to the weight of the cable and 
increasing negative buoyancy of SOPDOSS due to the compression 
Ep He air in the ballast tank. Active sonar is used to track 
SOPDOSS during its descent. As SOPDOSS approaches the floor 
the rate of cable payout is decreased and the platform is 
landed. 

During the lowering of SOPDOSS, the submersible has been 
launched and is proceeding to rendezvous with SOPDOSS. A 
small, battery powered transponder on SOPDOSS assists the 
шаашерэўБіе іп location. Upon location of SOPDOSS, the 
lowering cable is disconnected and the submersible signals 
ENSupport ship to haul in the cable. 

The submersible then locates the umbilical cable and 
attaches itself to the platform. The manipulators are 
memered and extended forward to grasp the top plate of the 
main frame of the platform. The blow valve is then pulsed 
етом сре ballast tank. When the platform just reaches 
neutral buoyancy, SOPDOSS is maneuvered off the ocean floor 
END S transported to the first site for testing. At the 
Беше the platform vent valve is pulsed and SOPDOSS settles 
ће floor. The hold down pumps are started and the 


instruments are individually inserted into the sediment. 
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When the instruments are ready, the hold down pumps are 
Secured and testing is begun. During this time, the sub- 
mersible can release the platform and maneuver about the 
а тогт to observe the operations. Upon completion of 
testing, the hold down pumps are started and a core of the 
sediment is taken and the core cylinder is rotated to bring 
тел core barrel into position. The hold down pumps are 
then secured and the submersible again grasps the platform. 
The hold down pumps are momentarily reversed and the blow 
uve is pulsed to bring the platform back to neutral 
buoyancy. The platform is then transported to a new site. 
Care is taken not to raise the platform too far above the 
floor since the air in the ballast tank will expand and cause 
Ane latform to become positively buoyant. Since it is 
possible for this process to get out of hand, it is the most 
dangerous portion of the operation and must be carefully 
accomplished. If the sites are at different depths, the 
ballasting system may have to be operated during transit. 
Moone completion of all testing, the hold down pumps are 
ee ersed to release the platform from the bottom and then 
ШО ес The submersible disconnects the umbilical cable and 
 гбаспгв the support ship to ensure that the surface above 
Eucsorlatform is clear of shipping. When the surface is clear, 
спе Submersible approaches The platform and locates the 
lanyard attached to the manual override on the blow valve. 
RB nundginege clear of the platform, the submersible operates the 


mew Valve bringing the platform to positive buoyancy. As 


251. 





K platform rises, the air in the ballast tank expands 
eventually blowing the tank dry. The-Submersible then 
proceeds to the surface. 

The Сао еп оно сасе ӘОЕрОоз оп the surface and 
proceeds with the pickup of the platform and submersible. On 
све Support ship, the core barrels are removed from 
SOPDOSS and the platform and submersible are thoroughly 
washed down with fresh water. The batteries and air flasks 
can then be charged if necessary for continued operation. 

Approximately 16 hours should be allotted for a complete 
operational cycle, 8 hours of which would be operations on 


the ocean floor. 
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ВЕРЕН Ab 


Material Costs 


The estimated material costs as presented in Table 1 are 
an accurate representation of such costs during April, 1974. 
The present state of the economy demands that these figures 
bed only as a guideline for future purchasing. The 
prices were obtained from sales representatives of the 
rious manufacturers. 

The cost of the Eccofloat may be ređuced by 10-20% if 
purchased by contract with long lead time. The aluminum and 
steel are readily available from most commercial outlets. 
NISOU x 1/2 in. pipe used for the ballast tank will have to 
be special ordered from Alcoa. If a long lead time is allowed, 
the cost of this pipe will be near that of structural 
aluminum. 

Currently there are no K-Monel bolts available for 
purchase. Bolts of 1040 steel, grade 5, have been substituted. 
These bolts have the same strength as K-Monel, but are easily 
corroded and will have to be checked and changed often during 
Seeravion of the platform. 

The air flasks are manufactured per order by National Tube 
Mision, United States Steel. Again, a long lead time is 
desirable in terms of costs. They also manufacture the high 
pressure piping required. 

Сао нет ігеше аге irom normal stock and there should be 


no problem with acqulsition. 
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26. 
IR 


TABLE 1, MATERIAL COSTS 


Eccofloat, Series PP32, 5672 1b 

6061-T6 aluminum, 2890 1b 

MO Ауе ис а есесі 113015 

Delrin AF, stock 

en Screw insulators, 1000 ea., assorted 
hymen hex bolts, 1000 ea. 


Bolts and nuts, 1040 steel, grade 5, 
Alo 21 e a 


Batteries, 8 ea. 

Bower relays, 15 ea. 

"enouit breaker 

ул. switches, 19 ea. 

Solenoid valves, 2 ea. 
Peeeerenrularors, 5 ea. 

ше еа valves, 5 ea: 

Pressure eompensators, 20 ea. 
Battery charging connection 

а са cable and connections 
3/4 HP motors, 9 ea. 

1/8 HP motors, ! ea. 

iy ie He motor 

Vane pumps, Й еа. 

Gears, 26 ea., various sizes 
Flange bearings, 26 ea. 
Sprockets and chain 

Porque limiters, 10 еа. 

Air flasks, 2.5 ft>, 8 ea. 

Hen pressure piping and fittings 


TOTAL: 
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$119,500. 
‚ 00 
. 00 
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$ 44,369. 
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